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Abstract 
The doublesash butterflyfish, Chaetodon marleyi, indigenous to South Africa, is 
popular amongst marine aquarists. To provide a basis for the management of the 
species and assess its suitability for aquaculture, aspects of its biology were 
investigated. Specimens were collected between February 1996 and November 1997 
from localities along the eastern Cape coastline of South Africa and from specimens 
in the RUSI fish collection. 
The dentition of C.marleyi is typical of non-coraline, benthic invertebrate feeding 
chaetodontids. The teeth are long, inwardly hooked and spatulate which allow easy 
grasping and manipulation of the prey. Stomach content analysis showed that the 
species fed predominantly on the tentacles of terebellid polychaetes with other 
polychaetes, crustaceans, hydro ids and ascideans contributing to the remainder of the 
diet. Juveniles had a larger volume of terebellid tentacles compared to adults which 
preyed more upon other polychaetes. The proximate composition (64.25% protein, 
4.76% fat, 4.84% carbohydrate and 24.3 kJ/g total energy content) of the terebellid 
tentacles was determined suggesting a high energetic requirement of the fish or 
maximisation of feeding profit rates. 
Growth in C. marleyi is rapid and was described by the von Bertalanffy growth 
equation as L(t) = 179(1_e-O.21 (t+1.42»)) using a combination of daily increment analysis 
and annual ring counts obtained from sectioned sagittal otoliths. Length-frequency 
analysis revealed six cohorts. 
VI 
Investigations into the reproductive biology indicated that the species is a gonochorist. 
Sexual development in males was evident in fish ;?;:S6 mm TL and ;?;:63 mm TL in 
females. Males mature at approximately lOS rnm TL or two years of age. 
Reproductive activity in males peaks between May and November with females 
releasing multiple batches of pelagic eggs during the spawning period. Birthdates, 
obtained by backcalculation of daily increment data from the time of capture, 
indicated that hatching occurs in late winter and spring. 
Life history characteristics of the species include rapid growth, early maturity and 
relatively short life-span. Due to the importance of C.marleyi in the local marine 
ornamental fishery various management options should be considered. The absence 
of any reproductively active females along the eastern Cape coastline may indicate 
that larval recruitment occurs from KwaZululNatal. Other possible management 
options include a closed season during summer, the period of juvenile settlement; a 
slot size limit to protect small juveniles and mature adults, and; a bag limit of two fish 
per person. 
Although the rapid growth and early age of reproductive maturity of C.marleyi are 
desired traits of a candidate aquaculture species, the long larval period may currently 
prove too problematic for the farming of the species. 
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Chapter 1 - Introduction 
"There is nothing more necessary to the man of science than its history, 
and the logic of discovery ... : the way error is detected, the use of 
hypothesis, of imagination, the mode of testing." 
Lord Acton (Popper 1980). 
Butterflyfish of the family Chaetodontidae are amongst the most striking and colourful 
fish found on coral reefs. The fish in this family all have a similar body profile with a 
strongly compressed, ovate body shape. This characteristic shape combined with their 
bright colours and contrasting patterns makes them easily recognisable on coral reefs. 
The compressed shape allows the fish to move easily between the coral branches thereby 
allowing the fish to utilise the coral reef as protection, as well as for feeding in places 
were other fish are unable to gain access amongst the branching corals (Burgess 1978). 
Since many tropical butterflyfish feed solely on corals, the family is often used as an 
indicator of reef health. Research on tropical reefs has shown that significant 
correlation's exist between the density of chaetodontid fishes and the diversity of coral 
species (Adrim & Hutomo 1989; Bouchon-Navaro & Bouchon 1989; Findley & Findley 
1989). 
Butterflyfish are conspicuous and divers can observe them from reasonably close quarters 
without disturbing them (Ehrlich et at. 1977; Roberts & Ormond, 1992). This behaviour, 
coupled with their close association with coral reefs, has enabled scientists to carry out 
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field studies on various aspects of their ecology, with particular emphasis on aspects of 
its feeding biology and social behaviour (Motta 1989b). 
The Chaetodontidae are generally associated with corals and therefore tend to be tropical, 
occurring almost entirely within the 21°C isotherm of the Northern Hemisphere summer 
and Southern Hemisphere winter (Burgess 1978). A few species, however, do occur 
beyond the latitudinal limits of coral reefs. Chelmonops truncatus is found along the 
southern coast of Australia (Steen 1978); Amphichaetodon melbae, from San Felix island 
off the coast of Chile; A.howensis, between New Zealand and southern Australia 
(Burgess 1978); and Chaetodon marleyi, along the south east and south coast of South 
Africa (Smith & Heemstra 1995). 
Since butterflyfish occur on reefs they are considered to be stenohaline (Burgess 1978). 
However, the juveniles of many species are often found in tidal rock pools or estuaries, in 
which the salinity and temperature may vary considerably from that of the ocean 
(Burgess 1978; Steen 1978; Allen 1979; Smith & Heemstra 1995). The ability to tolerate 
salinity and temperature fluctuations enables the juveniles to make use of habitats 
unavailable to stenohaline species thereby reducing predation and providing greater 
options for alternative settlement sites. 
The majority of chaetodontid species are found at a depth less than 20m (Allen 1979) 
reflecting their dependence on coral reefs both as a source of food and shelter. Others 
which are not dependant on coral reefs have been found at depths between 20 and 100m 
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where they feed on other benthic invertebrates (Burgess 1978; Penrith 1978). And the 
zooplanktivorous, C.miliaris has been collected by trawling at depths exceeding 200m 
(Burgess 1978). 
Sano (1989) studied the feeding habits of 32 speCIes of Japanese butterflyfish and 
classified the family into four feeding groups depending on their dietary preferences; 
obligatory coralivores, facultative coralivores and benthic invertebrate feeders, non-
coraline benthic invertebrate feeders, and zooplanktivores. 
Obligatory coralivores may either feed entirely on one particular coral type such as 
C.unimaculatus which feeds solely on the coral Montipora verrucosa (Cox 1986), while 
C. trifascialis may feed on a number of corals depending on their availability (Irons 
1989). Most of the benthic invertebrate feeders prey on polychaetes, alcyonarians, 
sponges and ascidians (Harmelin-Vivien 1989), while the zooplanktivores usually feed 
on copepods in the water column (Burgess 1978). 
Tropical butterflyfish which feed on corals are frequently found in pairs (Hourigan 1989), 
tend to be highly territorial (Driscol & Driscol 1988; Tricas 1989; Roberts & Ormond 
1992; Wrathall et al. 1992) and appear capable of learning foraging routes and possibly 
creating cognitive maps (Reese 1989). Amongst the coralivores, territory size varies 
between species and individuals (Driscol & Driscol 1988; Wrathall et al. 1992). 
Territories are vigorously defended against other coralivores, both intra and 
interspecifically (Driscol & Drisco11988; Kolaski 1991; Reese 1991; Roberts & Ormond 
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1992). However, in non-coral feeding species, aggression is infrequent (Allen 1979) 
although fighting for night resting-places does occur at dusk and dawn (Ehrlich et al. 
1977). 
Monogamy IS common ill chaetodontids (Cmulticinctus, Caustriacus, 
Cquadrimaculatus, Cornatissimus) with pairs of some species remaining together for 
periods of up to seven years (Driscol & Driscol 1988; Hourigan 1989; Wrathall et at. 
1992). The adaptive significance of pairing in butterflyfish is uncertain, as butterflyfish 
are pelagic spawners releasing their eggs into the water column. Roberts & Ormond 
(1989) suggest that monogamy is linked to territoriality as the majority of territorial 
chaetodontid species occur in pairs. The sea moth, Eurypegasus draconis (Pegasidae) is 
also a monogamous, pelagic spawner but is· not territorial. Therefore, pair-bonding 
probably ensures the availability of a mate as these small fish occur in low densities 
(Herold & Clark 1993). 
All chaetodontid specIes pass through a so-called tholichthys larval interval, 
characterised by elaborate and distinctive head spination (Burgess 1978). In tropical 
species, average size at settlement is less than 20mm at an age of less than 40 days (Leis 
1989), however nothing is known about duration of the larval period and age-at-
settlement in southern African chaetodontids. 
There is much debate over the adaptive reasons for the "poster" colouration of reef fishes, 
particularly the butterflyfish and angelfish (Lorenz 1962; Zumpe 1965; Ehrlich et al. 
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1977; Neudecker 1989). Lorenz (1962) suggested that the bright colour of reef fish acts 
as interspecific stimuli, thereby spacing individuals, and thus preventing unnecessary 
interspecific aggression. Zumpe (1965) proposed that an important function of poster 
colouration was species recognition over distances. Visibility in tropical waters is good, 
thereby allowing recognition over distances of more than 20m (Lieske & Myers 1994). 
Ehrlich et al. (1977) however, believe that colour has little to do with territoriality and 
suggest that it is probably used for communication during courtship and breeding. The 
bright contrasting colours may also serve as aposomatic colouration as they are capable 
of erecting their fins spines when threatened, thereby making them difficult to consume 
(Neudecker 1989). 
False eyespots occur in at least 58 of the 114 species in this family (Neudecker 1989). 
Much controversy exists with regards to their adaptive significance (Ehrlich et al. 1977; 
Allen 1980; Winemiller 1990). Hypotheses concerning eyespot function include predator 
misdirection, intimidation and disorientation, aposematism and social communication 
(Meadows 1993). The heads of91% of the 90 species ofChaetodon are darkly coloured 
or have eyemasks (Neudecker 1989), thereby camouflaging the eyes and hiding them 
from predators that may target them. The posterior position of the eyespot therefore 
creates the impression to a predator that the fish is facing the other way, thereby reducing 
the chaetodontids chance of being attacked by surprise. Butterflyfish do not immediately 
flee large potential predators, but turn sideways, displaying their entire body and eyespot 
(Motta 1984). This suggests that the fish resort to intimidation of the predator by 
displaying its large eyespots before fleeing with a haphazard, flittering movement. 
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Whatever the significance of bright coloration, eyebands and eyespots, it is likely that 
they have several functions that may differ for each species depending on aspects of its 
biology and ecology. 
Predation of butterflyfish does occur and is probably most predominant at night when 
they are comatose and easily approached (Burgess 1978). Compared to other reef fish, 
post-maturation mortality due to predation appears to be low (EIrich et al. 1977). Typical 
predators of chaetodontids include groupers, moray eels, snappers, scorpionfish and 
sharks (Burgess 1978). The pelagic larvae of butterflyfish have also been found in the 
stomachs of dolphins (Burgess 1978) and tuna, which were caught 50 to 75 nautical miles 
off Cape Town (Penrith 1978). Fishermen in the Maldives use small chaetodontids as 
bait to attract schooling tuna (Burgess 1978). 
Parasites and diseases of butterfly fish include digenic trematods (Platyhelminthes) of the 
genus Multitestis that have been reported from Chaetodon capistratus and C.occelatus 
(Aiken 1983). Burgess (1978) found the dinoflagellate Amblyoodinium to be the most 
prevalent parasite infecting butterflyfish in Hawaiian waters. Several species of parasitic 
copepods and branchiurans have been found on various Chaetodon species (Yamagoutti 
1963). 
The larvae of chaetodontids are occasionally infested with the hydroid Hydrichthys. 
Some larvae have been found to be severely infected with the hydroid, to the extent that 
swimming ability was impaired. What effect these hydroids have on the fish is uncertain. 
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It is possible that cleaner wrasse or other parasite feeding animals removes the parasites, 
when the juveniles settle (Burgess 1978). 
Cleaning behaviour has been observed in many juvenile butterflyfish, both in the field 
(Burgess 1978; Smith & Heemstra 1995) and in aquaria (Allen 1979). It is believed that 
the bulk of their food is obtained from other sources and that the cleaning behaviour is 
only occasionally exhibited (Burgess 1978). The adults of C. kleinii, C. miliaris and 
Heniochus acuminatus are also known to remove parasites (Burgess 1978; Smith & 
Heemstra 1995) and Johnrandallia nigrorostrus, the barberfish, maintains regular 
cleaning stations much like the cleaner wrasses of the genus Labroides (Allen 1979). 
The South African east coast has a high species diversity with around 2200 fish species 
(Smith & Heemstra 1995). Due to the upwelling of cooler waters along the east coast of 
South Africa combined with heavy terrigenous sedimentation, the distribution of coral 
reefs along this coast is severely limited (Achituv & Dubinsky 1990). As the family 
Chaetodontidae is predominantly tropical, only 24 of the 114 species are found along the 
South African coastline and only six of them are found further south than East London 
(Smith & Heemstra 1995). Of these six species, only C.marleyi is found south of East 
London, year-round. 
Burgess (1978) erected the most widely followed taxonomy of the Chaetodontidae. A 
total of 114 species in ten genera are currently recognised, nine of which are not further 
subdivided. The largest genus, Chaetodon, is comprised of 90 species and has been 
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subdivided into 13 subgenera. Allen (1979) agreed with most of Burgess's (1978) 
informally expressed species complexes indicating that his differences were minor. Blum 
(1989) suggests that almost all of the sister groups inferred by osteology are broadly 
sympatric and thus, much of the biogeographic distribution associated with early 
chaetodontid evolution has been obscured by subsequent dispersal. One exception to the 
pattern of broad sympatry is the dichotomy between Chaetodon sensu stricto and the 
monophyletic group containing all species of Chaetodon sensu lato. All the species of 
Chaetodon sensu stricto have American or west African distributions with the exception 
of C. marleyi (Blum 1989), which is endemic to southern Africa (Smith & Heemstra 
1995). 
The closest relative of C.marleyi is C.hoefleri of West Africa. Fin ray counts are best 
used to distinguish the two species from each other as the pattern and colouration of the 
fish is similar. Juvenile C.hoefleri have a single, dark, non-occelated spot that remains 
throughout its life, in the same place on the posterior region of the dorsal fin. In 
C.marleyi, a dark spot in adults replaces the occelated eyespot in juveniles (Burgess 
1978). Penrith (1978) proposed that C.marleyi be described as a junior synonym of 
C.hoefleri, and since they are of allopatric distributions, it is probably better to recognise 
them as subspecies (Smith & Heemstra 1995). 
The double-sash butterflyfish, Chaetodon marleyi is endemic to South African and was 
described by Regan (1921) who named it after H.W. Bell Marley, a keen naturalist and 
Natal fisheries officer in the 1920's. The fish occurs from Lamberts Bay to Delagoa Bay 
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(Smith & Heemstra 1995) and has also been reported in the Moyambique channel, near 
Madagascar (Smith 1953a). These ranges suggest a wide temperature tolerance, from an 
annual mean of 13°C to over 25°C (penrith 1978). Although a temperate species, 
C. marleyi cannot tolerate sudden cold spells and during the summer months many have 
been found washed up on the shores of the Knysna Lagoon after cold water has entered 
the estuary (Smith 1953b). Juveniles seek refuge in estuaries and rock pools while the 
adults are found on rocky or coral reefs (van der Elst 1995) and have been found to 
depths of 120m (Allen 1979). 
Adults are very similar to juveniles with one important difference. Juveniles have an 
occelated spot that is situated posterior to the second dorsal band, whereas adults possess 
a black spot above the second brown band on the dorsal fin. Specimens ranging between 
65 and 95mm standard length have both spots present simultaneously (pers. obs.; Burgess 
1978). 
With their contrasting colours and flittering movements, butterflyfish are popular among 
aquarists (Emmens 1985). As a consequence of their dependence on corals, many of 
these fish cannot be maintained in aquaria unless they can be supplied with a constant 
source of their preferred coral prey. However, those species such as C.marleyi which are 
not dependent on corals as a food source, adapt well to the captive environment and are 
generally easy to maintain (Oughton 1992). Being a temperate species, the fish can be 
easily maintained in aquaria without heating, actually preferring lower water 
temperatures (Belcher 1990). 
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Cmarleyi is possibly one of the most striking marine fish endemic to Southern Africa, 
and therefore the potential for over-fishing by aquarists is conceivable. Only 
KwaZuluJNatal has legislation regarding the collection of marine ornamental fishes along 
the South African coast by individuals. The collection of marine ornamentals on a 
commercial scale is presently not permitted in that province (Beckley 1994). The 
information gained from this study can be used to develop a management strategy, and if 
considered a suitable candidate aquaculture species, for the development of an 
aquaculture protocol. 
The principle objectives of this study were to investigate aspects of the biology of 
Cmarleyi, and in doing so to develop a better understanding of the species. Chapters on 
feeding, reproduction and, age and growth help clarify key aspects of the biology of 
Cmarleyi. The general discussion chapter combines information from these three 
chapters providing an overview of the general biology and life-history of Cmarleyi. 
With an understanding of the biology of the species and knowledge of is life-history 
characteristics, possible management strategies and implications for aquaculture are 
discussed. 
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Chapter 2 - Study area and general methods 
Chaetodon marleyi is found from Lamberts Bay to Delagoa Bay (Smith & Heemstra 
1995), however, it is most common along the eastern Cape coast between East London 
and Knysna (Phillip Heemstra, JLB Smith Institute of Ichthyology 1997, pers. comm.), 
possibly preferring the temperate waters rather than the tropical northern or cooler 
southern Cape waters. Fish for this study were collected along the eastern Cape coast 
between East London and Port Elizabeth (Figure 2.1). Owing to the small number of 
large adults which were captured additional material was obtained from the JLB Smith 
Institute of Ichthyology. 
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Figure 2.1 - Hatched area indicates sampling area along the eastern Cape coast from 
which Chaetodon marleyi were collected. 
Juvenile C.marleyi were collected from the east pier of the East London harbour, in the 
Port Alfred Royal Marina (Kowie River Mouth area), and on the seaward side of the Port 
Elizabeth harbour wall. Most juveniles were collected with hand nets using SCUBA, 
with a few being collected using a speargun with a multi-pronged spear. Juveniles were 
encountered at depths less than ten meters. 
Larger fish were collected using SCUBA and a speargun as described above from Port 
Alfred, Kenton on Sea and East London. SCUBA diving was usually required to collect 
them as they were usually found at depths exceeding ten meters. The larger fish were 
more often located at the interface between the reef and sand than on the reef itself. 
Diving to collect fish in visibility of less than two meters proved futile as fish were 
startled and were able to hide before being seen. 
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If the fish were still alive after spearing (or had been collected using a hand-net), they 
were euthenased by 2-phenoxyethanol overdose. A 10% formalin solution was injected 
into the visceral cavity to prevent further digestion of the prey and deterioration of the 
gonad. The fish were examined and dissected as soon as possible after capture. 
Total length (rnm), standard length (rnm) and total mass (O.lg) were measured for each 
fish. The stomach was removed by severing the oesophagus as close as possible to the 
buccal cavity and the intestine just anterior to the pyloric caecae and fixed in a 10% 
formalin solution. After two weeks, the stomachs were transferred to 60% iso-propyl 
alcohol. 
Gonads were excised and fixed for two weeks in a 10% formalin solution after which 
they were transferred to 60% iso-propyl alcohol. After a minimum of two weeks in 
alcohol, each gonad was blotted dry on paper toweling for five seconds and then weighed 
(0.001g). When gonads were not visible, the tissues along the medial mesentery between 
the gut and dorsal wall of the coelemic cavity were removed as this is thOe tissue along 
which primary gonadal development occurs in Chaetodon milliaris (Tricas & Hiratomo 
1989) and therefore probably other chaetodontids. The tissues were fixed and stored as 
for gonads. 
Sagittal otoliths were removed using the "up through the gills method" (Secor et al. 
1992). Both otoliths were removed from the auditory bullae and cleaned in an ultrasound 
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bath. One otolith was stored in glycerine and the other dry. Otolith length (O.Olmm) was 
measured with an ocular eyepiece to determine the relationship between otolith growth 
and fish growth. 
A total of 96 fish were collected during the period February 1996 and November 1997. 
Table 3.1 shows the monthly collections made. Few fish were caught in winter and 
spring due to the unfavorable diving conditions. 
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Table 3.1 - Number of Chaetodon marleyi collected monthly during the period February 
1996 and November 1997. N = 96. 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
1996 
17 
3 
12 
23 
4 
1 
6 
3 
1997 
3 
11 
8 
3 
1 
1 
The detailed methodologies used for subsequent examination of the preserved materials 
are described in the respective chapters. 
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Chapter 3 - Feeding Biology 
3.1 Introduction 
From a feeding perspective the Chaetodontidae are possibly the most specialised family 
of percoid fishes (Gosline 1985). They possess a diverse range of feeding habits ranging 
from corallivory to planktivory (Burgess 1978; Sano 1989). 
The temperate waters of South Africa are too cool to support coral reefs and their 
associated fauna (Achituv & Dubinsky 1990). The chaetodontids which do live in these 
cooler waters are therefore forced to feed on other, non-coraline prey. 
There have been no detailed studies on the feeding preferences of any of the southern 
South African species (c. marleyi, C. blackburnii and C. dolosus). On the otherhand, 
detailed studies of the feeding biology, specifically feeding preferences (Sano 1989), 
dentition (Motta 1985; Motta 1988; Motta 1989a), prey selection (Irons 1989; Hourigan 
1991; Cox 1994; Pitts 1991) and optimal feeding strategies (Sutton 1985; Gore 1984; 
Tricas 1989; Irons 1991; Kolaski 1991) have been undertaken in the more tropical 
species. 
Apart from some information in popu1ar articles (Belcher 1990; Branch et al. 1995; van 
der Elst 1995), nothing is known about the feeding biology of C.marleyi. The objectives 
of this study were to investigate the diet, as well as examine the jaw and dental 
morphology to determine prey preferences and feeding mode. Proximate composition of 
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the predominant prey item was also undertaken to better understand the nutritional 
requirements of the species. With this combined knowledge of the fishes diet and 
functional feeding morphology, ontogenic shifts in feeding, life history characteristics 
and comparisons among other chaetodontids can be determined. From an aquaculture 
perspective, knowledge of the fishes diet is important when being considered as a 
potential aquarium species as well as in the development of an artificial feed. 
3.2 Materials and Methods 
To investigate the functional aspects of feeding, measurements of the increase in total 
length following jaw opening, the internal height and width of the open mouth, and the 
length of the premaxillae and dentary, were taken from ten fish. 
The premaxillae and dentary of ten fish were removed by dissection. To remove the 
tissue between the teeth, the jaws were soaked in 5% trypsin. Any remaining tissue was 
then easily removed from around the jaw. The jaws were then dried and gold-splutter 
coated for scanning electron microscopy (SEM). Tooth rows were counted in the 
symphysial region of the jaws. To better understand the process of mastication the 
vomerine teeth were examined and illustrations of the first gill raker were prepared from 
a single adult and confinned on five other individual fish. 
A total of 71 fish were collected from the study area for stomach content analysis during 
the period February 1996 to May 1997. 
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The stomachs of individual fish were dissected in a petri-dish under a dissecting 
microscope. Stomachs contents were identified to the lowest possible taxon and assigned 
a visual percentage volume (Hyslop 1980). Due to the small size of the masticated prey 
items and subsequent inability to identify most of them down to family level, prey items 
were grouped into Class categories. Percentage frequency of occurrence was also 
calculated to establish the relative amounts of each prey category consumed. This was 
obtained by expressing each food type as a percentage of the total number of stomachs 
containing food (Hynes 1950; Sano 1989). A percent ranking index (%RI) was 
calculated to show the importance of the various prey items in the fishes diet. The %RI 
was calculated as the product of percentage volume and percentage frequency of 
occurrence for each taxon. 
Temporal changes in feeding were determined by comparing the diets of fish caught 
during spring and summer (October to March) with those caught during the autumn and 
winter months (April to September). 
Ontogenic shift in dietary preference was investigated by dividing the fish into two size 
classes, fish less than 105mm were considered as juveniles and those larger, as adults. 
This size of 105mm was chosen from the size at sexual maturity data (Chapter 5). 
Statistical analysis (ANOVA, Tukeys test, p<0.05) was utilised to determine ifthere were 
any differences between feeding preferences and, season and size class. 
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To determine the proximate composition of the main prey item (the polychaete of the 
family Terebellidae), material was collected at low tide from the rocks along the side of 
the Kowie River Mouth at Port Alfred. The polychaetes were then frozen to kill them 
and the tentacles were removed for analysis. Analysis of the other prey items was not 
performed as many of the prey items could not be identified with any reasonable certainty 
and literature pertaining to the composition of many of the other minor prey items was 
available (Whitfield 1980; Cyprus & Blaber 1983). Protein was determined using the 
Micro-Kjeldahl method, and fat according to the method used by Knauer et al. (1994), 
modified from Fo1ch et al. (1957). Ash and moisture were determined as described by 
Crampton & Harris (1969), and carbohydrate was calculated by subtraction. Energy was 
determined by calculation, using published values (piper et al. 1982) for protein, fat and 
carbohydrate. 
3.3 Results 
There was no difference in the dentition of juvenile and adult fish. The teeth of 
C.marleyi lie in 8-9 (SD=0.5) distinct rows on both the premaxillae and the dentary. 
Teeth are long and hooked at the tips with the outer teeth in rows 6-9 being both hooked 
and spatulate. The lingual teeth are shorter, finer, and more villiform (Figure 3.1). The 
teeth extend the entire length of the labial side of the descending process of the 
premaxillae (Figure 3.2). The dentary has teeth extending 113 of the way along the 
ascending process from the base of the last lingual teeth (Figure 3.3), thereby encircling 
the mouth. Only the tips of the teeth protrude through the tissue and are a darker brown 
than the teeth-shaft and jaws. The premaxillae and dentary length expressed as 
19 
T 
I , 
percentage of total length were, 9.6% (Range = 8.3-10.8) and 7.8% (Range = 6.7-9.1) 
respectively. The percentage increase in body length after jaw protrusion was 1.03% 
(Range = 1.02-1.04), and percent total length versus open-mouth width and height were 
3.17% (Range = 3.0-4.2) and 2.56% (Range = 1.67-3.17) respectively. 
Figure 3.1 - Anterior teeth of the premaxillae of Chaetodon marleyi. 
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Figure 3.2 - Dentition of the left half of the premaxillae of Chaetodon marleyi. dp = 
descending process. 
Figure 3.3 - Dentition of the dentary of Chaetodon mar/eyi. 
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About 20 minute, needle-like and slender vomerine teeth were observed. The patch of 
teeth was triangular with the apex facing the mouth. The left first gill arch and was 
drawn using a compound microscope with a camera lucida and is shown in Figure 3.4. 
Imm 
Figure 3.4 - Representative gill rakers from the mid region of the left first arch of 
Chaetodon marleyi. 
The stomach of C.marleyi is "Y"-shaped and thick-walled with pyloric cacae. The ratio 
of total length to gut length was determined as 1 : 2.9 (SD±0.88, Range = 1.71-3.92). 
A total of eight major prey items were identified in the stomachs of C.marleyi. Where 
possible, the major groups were classified further and are shown in Table 3.1. 
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Table 3.1 - Stomach content analysis of Chaetodon marleyi sampled between February 
1996 and May 1997. N= 72 fish. 
Prey category % Freq. Occ. Mean % Volume % Ranking Index 
POLYCHAETA 
Terebellidae 87.3 65.3 72.2 
Errantia 43.7 6.1 1.2 
Sedentaria 53.5 9.5 2.1 
CRUSTACEA 
Amphipoda 24.0 6.8 3.6 
Isopod a 4.23 3.6 2.2 
Macuridae 12.7 7.6 3.9 
Other 4.23 3.2 2.1 
CNIDARIA 46.5 8.8 3.9 
NEMERTEA 14.1 10.2 3.1 
ASCIDIACEA 31.0 9.9 1.8 
MOLLUSCA 7 8.6 <1 
ECHINODERMATA 1.4 <1 <1 
INSECTA 1.4 <1 <1 
The %RI of the prey items for all C.marleyi sampled is illustrated in Figure 3.5. 
Statistical analysis revealed that there was no difference between any of the prey items 
and season (p~O.05). However, differences between choice of polychaete prey and fish 
size were evident (p~O.05). Juveniles had a higher percentage volume of terebellid 
polychaetes compared to the adults. Conversely, adult fish had a higher percentage 
volume of other polychaete in their stomachs. There was no significant difference 
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between the other prey items and fish size, or between the total percentage volume of 
polychaetes (terebellids and other polychaetes combined) and fish size. 
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Figure 3.5 - The % Ranking Index of the diet of Chaetodon marleyi. All dietary items 
contributing less than one percent were pooled as "other" (see text for details). 
The predominant prey item consisted of the tentacles of a terebellid polychaete. Other 
polychaete contributions to the diet were made up of both errant and sedentary 
polychaetes. Crustaceans remains consisted of amphipod and isopod remnants. 
Unidentified ascidian eggs and larvae made up the ascidian category, and ribbon worms 
that ofNemertea. Items contributing to "other", each contributed less than one percent to 
the %RI. These included items such as echinoid tube feet and an insect. 
The proximate composition of the tentacles of the terebellid polychaete is shown in Table 
3.2. The energy content of the polychaete tentacles was determined from the protein, lipid 
and carbohydrate content of the prey items. The energy values of 23.8 kJ/g (protein), 
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39.8 kJ/g (lipid) and 17.2 kJ/g (carbohydrate) which are widely used (Piper et al. 1982), 
yielded an energy value of24.3 kJ/g. 
Table 3.2 - Percent proximate composition and calculated energy content of terebellid 
polychaete tentacles. Except for moisture, all are give as percent dry weight. As 
carbohydrate was determined by subtraction, it has no standard deviation. 
N = number of samples analysed. 
Variable 
Moisture 
Crude protein 
Crude fat 
Ash 
Carbohydrate 
Energy content 
3.4 Discussion 
N 
3 
2 
2 
2 
Percent 
Mean ± so 
76.67 ±1.40 
64.25 ±1.27 
4.76 ±O.O4 
26.15 ±1.52 
4.84 
24.3 kJ/g 
The name Chaetodon stems from the Latin Chaite, meaning bristle, and odon meaning 
teeth. Motta (1985) described the jaws and dentition of six butterflyfish that covered the 
four feeding guilds described by Sano (1989). Of the six fish, the non-coraline, benthic 
invertebrate feeder (Guild three) was Chaetodon auriga which has a wide tropical Indo-
Pacific distribution (Burgess 1978) and has been found as far south as Mossel Bay in 
South Africa (Smith & Heemstra 1995). C.marleyi also fits the third guild and has 
similar dental features to C. auriga. The teeth of C. marleyi are numerous, long and fine 
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and although only the tips protrude through the flesh, the whole mouth is encircled with 
teeth which allows for the highly efficient capture and manipulation of prey. 
The dimensions of the open mouth, premaxillae and dentary of C marleyi, and the 
arrangement and number ofteeth rows best resemble that of Cauriga described by Motta 
(1985). However, the percent increase of Cmarleyi body length during jaw opening is 
less than that of Cauriga. The preferred prey of juvenile Cauriga were polychaete 
worms which contributed up to 57% of the diet (Harmelin-Vivien 1989). Rapid 
protrusion of the jaw of Cauriga enables it to capture polychaetes which retract very 
quickly into their tubes after being attacked (Motta 1985). As Cmarleyi feeds 
predominantly on terebellid polychaetes whose tentacles retract slowly (personal 
observation), the fish has time to peck at its prey. Since polychaete tentacles can be 
considered as discrete food items, this lends support to the hypothesis that C marleyi is a 
selective feeder similar to Cstriatus and Cocellatus (pitts 1991). 
Long, closely spaced gill rakers with spines are found in fish that strain or filter food 
from the water (Chao & Musick 1977; Lagler et al. 1977; Motta 1985). Since Cmarleyi 
does not feed from the water column it seems unnecessary to possess spines. It is 
possible that the small size of the prey can be flushed through the gills, therefore the 
spines on the rakers help retain the food in the buccal cavity, preventing it from escaping 
through the gill rakers. The gill rakers of Cmarleyi are similar to those of 
C quadrimaculatus, a browsing omnivore (Motta 1988). The teeth on the vomerine tooth 
pad help masticate the prey thereby speeding up the digestion process. 
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The diversity of feeding apparatus in the family has led to the development of different 
feeding techniques. High speed inertial suction feeding is used by the two species of the 
genus Forcipiger, namely Forcipiger jlavissimus and F.longirostrus, which feed on small 
invertebrates (Motta 1988). In comparison, the coralivore C.trifasciatus has a shovel-like 
mouth which is suitable for scouring corals to remove soft tissue (Motta 1985; 1988). 
Species which are morphologically specialised for grasping and tearing such as C.striatus 
and C. auriga take a wide range of prey items, from scleractinian corals to algae. What is 
consistent is not what prey is chosen but how it is eaten (Motta 1988). In C.marleyi, this 
is evident in the varied prey.items that made up the "other" prey group. No plant matter 
was found in any of the fish collected, however Branch et al. (1995) state that the species 
"grazes on seaweeds". Reasons for this may be due to different sampling sites or 
unavailable preferred algal species. 
The diet of C. marleyi consists mainly of benthic invertebrates and thus falls into Sano' s 
(1989) third feeding guild. The high proportion of polychaetes in the diet of C.marleyi 
(Figure 2.1) suggests that it is a selective feeder, preferring polychaetes but otherwise 
feeding on other benthic invertebrates. 
While diving to collect C. marleyi, it was difficult to locate the preferred polychaetes on 
which the fish fed. The question arises why C.marleyi would feed on an item that is 
difficult to find when there are other more easily accessible benthic invertebrates? In an 
optimal model of food selection, the food is chosen for its nutritional content and not how 
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easy or difficult it is to locate (Westoby 1974). With an estimated calorific value of 24.3 
kJ/g, the terebellid tentacles have a higher energy content than any of the estuarine 
crustaceans (21.53 kJ/g) and other polychaetes (19.2 kJ/g) investigated by Whitfield 
(1980). Given the high energy content of the terebellid tentacles suggests that they are a 
suitable food choice for maximising feeding profit rates. The preference of terebellid 
tentacles in particular may be due to -
• the energetic requirement of C. marleyi is high, and the fish therefore requires a high 
energy content food; 
• compared to other polychaetes and benthic invertebrates, terebellid tentacles have a 
higher energy content to handling time ratio; 
• prey accessibility to energy content ratio may be greater compared to other prey 
items. 
If the terebellid tentacles are indeed the most energetically profitable prey item, why is 
other prey eaten? Feeding on other prey items may be accidental or consequential while 
feeding on the tentacles that may have associated fauna. The Cnidaria portion of 
C.marleyi's diet consisted entirely of hydroids. The presence of hydro ids in the diet is 
possibly due to the fish feeding on small invertebrates such as crustaceans living on the 
hydroid which is consumed along with the prey. Another possible reason may be that the 
hydroid contains essential amino acids or nutrients that the terebellid polychaetes are 
unable to provide. 
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Juvenile tropical butterflyfish often experience intense predation and therefore develop 
habitat and feeding strategies to minimise the risk of predation (Tricas 1989). This shift 
in feeding may also be due to a number of other reasons such as intraspecific territory 
overlap, prey accessibility or energetic maximisation of the food source (Tricas 1989). 
Terebellid tentacles were more abundant in the diet of juvenile C.marleyi than in the 
adults. Adult fish preferred other polychaete tentacles. Harmelin-Vivien (1989) found 
that juveniles of non-obligate coralivores preferred the tentacles of sedentary polychaetes 
and hypothesised that juveniles may have a faster jaw protrusion time than adults, thereby 
enabling them to feed on retractable polychaetes. The tentacles of the terebellidae retract 
slowly, enabling the fish to pick at its prey (pers. obs.). It is possible that the cryptic 
location of terebellids makes their tentacles more accessible to juvenile fish, which are 
smaller and able to feed in narrower crevices than the adults. 
Juvenile and sub-adult tropical butterflyfish are generally more abundant in shallow 
water areas, whereas adults predominate in deeper water (Clark 1977; Bouchon-Navaro 
1981; Roberts & Ormond 1992). In studies in the Virgin Islands, food availability had 
little effect on recruitment of reef fish. However, the possibility that prey availability is 
one of the selective forces involved in settlement site selection by recruits is likely 
(Shullman 1984). Since all fish caught in the study area preyed upon terebellid 
polychaetes, it is likely that juvenile settlement is probably not influenced by prey 
availability. Juveniles selecting an abundant, but less preferred prey item have a selective 
advantage over those that require a specific food resource at settlement (Hourigan 1991). 
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Chaetodons use vision as the primary sensory modality for recognition and feeding 
(Bauchot et al. 1989a) and most species are considered to be diurnal feeders (Dom & 
Dom 1973; Burgess 1978), although Cquadrimaculatus is a nocturnal feeder (Hourigan 
1991). Cmarleyi is most likely also a diurnal species as they have been observed 
"sleeping" at night (pers. obs.). 
Territoriality is common in species utilising a benthic food source (Roberts & Ormond 
1992) and in chaetodontids, the establishment of a territory is a necessary prerequisite for 
reproduction (Reese 1991). Many chaetodontids form monogamous pair bonds 
(Hourigan 1989) and defend small territories from conspecifics. As a result, it becomes 
difficult for juveniles and small pairs to establish themselves in preferred habitat areas. 
While diving, I have observed large pairs of Cmarleyi which are isolated from others of 
their kind. Juveniles are more commonly found in aggregations or small groups. 
In many tropical butterflyfish territory size decreases with increasing food availability 
(Sutton 1985; Irons 1989). Polychaetes are one of the most abundant taxa in estuaries, 
contributing up to 98% of the energy value (Cyrus & Blaber 1983). Their abundance on 
coral reefs is also well known (Harmel in-Vivien 1989). This suggests that the 
availability of the food source for C marleyi and other fish that have similar feeding 
habits is not limiting, thereby reducing competition for the resource. If this is the case for 
C marleyi, then with a preferred prey item being abundant on the reef, intra-specific 
territories should be small. This was however, not investigated in this study. 
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Adult Diplodus cervinus hottentotus feed on terebellids and other polychaetes, however, 
the percentage frequency of occurrence of terebellidae is less than six percent (Mann 
1992). The level of competition between D.c.hottentotus and Cmarieyi is therefore likely 
to be low. Diet choice of the estuarine, Gerres acinaces is predominantly composed of 
polychaetes and the tentacles ofterebellids (Cyprus & Balber 1983). Juvenile Cmarieyi 
are commonly found in lower regions of estuaries (Branch et ai. 1995) although numbers 
are low. Interspecific competition for food resources with other species is therefore likely 
to be minimal. 
In Cmarieyi, the average gut length/standard length ratio (1 :2.9) is lower than that of any 
other chaetodontids that have been studied (Motta 1988). The two species of the genus 
Forcipiger are most similar with ratios ranging between 3.5 and 3.8. These fish are 
carnivorous, thereby reducing the need of a long gut. The high variation in the gut length 
of C marieyi suggests that this species may have the ability to utilise different prey 
sources, of which some may require a longer gut length for optimum digestion. None of 
the stomachs examined were empty and strong evidence exists which suggests that 
Cmarleyi along with other tropical butterflyfishes increase fitness by maximising food 
intake (Tricas 1989). 
Butterflyfish have developed an extremely sensitive membranous labyrinth and linked 
innervation that allows for precise manoeuvring while feeding (Bauchot et ai. 1989b). 
The distendable mouth encircled with inwardly hooked teeth enable Cmarieyi to grip and 
tear pieces off sessile invertebrates, and the long jawbones and prognathous jaw enables 
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C.marleyi to probe crevices for food. The diversity of anatomical feeding specialisations 
within the family can be demonstrated with examples such as Chaetodon ornatissimus, 
an obligate corallivore, whose mouth is suited to scrapping coral surfaces (Motta 1985), 
while the mouth of C. marleyi is better suited to foraging and probing between crevices. 
The ability of C. marleyi to precisely orientate itself so as to best capture its prey along 
with its prognathous jaw and inwardly hooked teeth allow it to be a highly selective 
feeder. The functional feeding mechanisms and morphology of butterfly fish has, in some 
species, become so specialised that a change to another feeding guild is not possible 
(Motta 1985). This is evident in the obligate coralivore, C.trifasciatus or the long 
snouted, Forcipiger jlavissimus, a benthic invertebrate feeder (Motta 1988). 
The high calorific value of the major prey item suggests maximisation of feeding profits. 
Field or simulated aquarium observations need be performed to quantify and help clarify 
the net energetic profit compared to other, less preferred prey items. Due to the 
problems associated with identifying many of the minor prey items beyond class level, 
accurate proximate composition analysis on these dietary items could not be performed. 
However, future studies should focus on these other prey items as proximate composition 
analyses will also help resolve aspects ofthe fish's nutritional requirements. 
Cox (1994) found that the natural food choice of c. trifasciatus was different under 
laboratory conditions. Experimental work needs to be undertaken to determine whether 
the fish prefer particular high energy prey items (such as terebellid tentacles) over prey 
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items with a lower energy value. This information would optimise the diet for the culture 
of C.marleyi. 
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Chapter 4 - Age and Growth 
4.1 Introduction 
Knowledge of growth during the life history of a fish, as well as it longevity, are 
important facets for the development of management strategies andr culture protocols. 
Management options for species which grow rapidly and have a short life-span are 
different to those for slow growing, long lived species (Paul 1992). In aquaculture, fast 
growing species are favored as the costs associated with grow-out (e.g. food and holding 
facilities) are lower in comparison to species which are as valuable but slower growing 
(Bruton 1989). 
Methods of determining age in fishes is most frequently resolved by interpreting and 
counting the growth zones that occur in various hard tissues such as otoliths, scales, 
dorsal fin spines, vertebrae and operculae. In most fish, otoliths have been the most 
reliable indicators of age (Campana & Neilson 1985; Jones 1992). 
Many commercially important South African linefish and trawl species have been aged 
by counting the annuli of otoliths (Hecht & Baird 1977; Coetzee & Baird 1981; Buxton 
& Clark 1986; 1989; 1991; 1992; Mann 1992; Bennett 1993; Mann-Lang & Buxton 
1995; Griffiths & Hecht 1995; Kerstan 1995; Booth & Buxton 1997). Counting the 
annuli on otoliths is suitable for long-lived species as distinctive zones are visible 
enabling the construction of growth curves. However, this method is not suitable if 
information is required about the growth of the fish during its first year. The method also 
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has limitations in the estimation of growth of short lived species (Gjosaeter et al. 1984). 
Gauldie (1994), compared three methods of aging Nemadactylus macropterus 
(Cheilodactylidae), which attains a length of 500 mm FL at about six years. Of the three 
methods, he found that daily increment analysis provided the most credible age 
estimation compared to counting annuli and sulcal checks. 
Otoliths are composed mainly of needle-shaped crystals of aragonite (a form of calcium 
carbonate) radiating outwards in three dimensions from a nucleus which passes through a 
matrix of organic material (Williams & Bedford 1973). The formation of daily 
increments is the result of an endogenous circadian rhythm, which through the 
differential deposition of calcium carbonate and protein (otolin) over a 24-hour period 
creates a microscopically distinguishable intermission (Campana & Nielson 1985). 
The daily incremental zone (which appears as a relatively broad translucent band under 
transmitted light), consists of clusters of needle-like crystals of calcium carbonate 
arranged perpendicular to the otoliths outer margin. (Gjosaeter et al. 1984; Mugiya 
1987). A band of organic material within the matrix apparently terminates crystal growth 
at each end, forming the discontinuous zone which is narrow and optically dense under 
transmitted light (Campana & Neilson 1985). The formation of the discontinuous zone is 
the result of a reduction in the amount of calcium carbonate deposited at sunrise (Mugiya 
et al. 1981; Tanaka et al. 1981). 
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Daily increments are formed at a constant frequency, appearing as a regular sequence 
with smooth transitions in both increment width and increment contrast (Campana 1992). 
At intervals along any plane of an otolith, increments sometimes appear to be blurred or 
inconsistent. If by changing focus two increments merge, they are considered and 
recorded as a single increment. This blurring of increments can be explained due to the 
oblique, three-dimensional nature of the growth rings within the viewed otolith section 
(Campana 1992). 
In most temperate marine fish, variance in the thickness and definition of the daily 
increments occurs during different seasons of the year. Wider increments are deposited 
in the warmer months. During the winter months, growth is slower and increments 
become more compactly spaced (Morales-Nin 1987; Pauly et al. 1992). However, a 
decrease in increment width may also occur during periods of high reproductive activity, 
when less calcium is available for somatic growth and is therefore not deposited in the 
otolith at a constant rate (Simkiss 1974). 
Although numerous ring-like structures are evident in a typical otolith preparation, not all 
are daily growth increments (Campana 1992). These checks or discontinuities appear at 
random intervals, but are distinguishable from surrounding increments (Campana & 
Neilson 1985). Consequently, inexperienced otolith readers can introduce substantial 
error into their interpretations. Another source of error can be associated with the 
presence of accessory primordia which are formed in later otolith development and 
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whose structures represent new foci for the creation of otolith growth increments 
(Campana & Neilson 1985). 
One cannot, therefore, merely infer that the deposition of micro-increments is daily. 
There are four methods to validate the deposition of daily rings. The first method is 
rearing fish of known age from which increment counts can be correlated to daily age 
(Geffen 1982). The second method, and the most commonly used, is that of inducing a 
mark onto the otolith of live fish. This can be done with chemicals such as 
oxytetracycline and alizarin compounds (Lang & Buxton 1993; Beckman & Schulz 1996) 
or various fonns of induced stress such as temperature fluctuations (Mosegaade et al. 
1988), capture stress (Boehlert & Y oklavich 1985) or supplemental feeding (Victor 
1982). By counting the rings from the induced mark to the edge of the otolith, 
correlations can be made with regard to the number of days between marking and capture 
which can then be used to validate the rings as being daily. The third method, that of 
statistical inference, is often used where other methods may be inconclusive (e.g. larval 
studies). However, this method requires large data sets of fish sampled from the same 
population over a number of years (Geffen 1992). 
The fourth method is by inference from older fish (Hill & Radtke 1988). The number of 
increments between the annuli of temperate fish has been shown to approach the number 
of days in a year. As the hatching period may not coincide with the period of slow 
growth, the first annual ring does not necessarily represent one whole year of growth, and 
is often referred to as the juvenile ring (Geffen 1992). This means that the number of 
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daily rings should preferably be counted between the second or third annuli (if this is 
possible). 
The deposition of daily growth zones allows for the estimation of the age of fast growing 
smaller species and permits the assessment of growth during the first year of growth 
(Pannella 1971). The problem of aging fast growing, short-lived species can, therefore, 
be resolved by using the daily increment technique, developed by Pannella (1971) who 
observed approximately 360 fine increments between the otolith annuli of temperate 
water fish. Larval fish must be able to orientate themselves relative to the environment 
immediately upon hatching and therefore the otolith already exists at hatching (Geffen 
1992). Therefore, if the age of the fish can be determined using the otolith then by back-
calculating from the time of capture, the hatching date of a fish can be estimated. 
When viewed at low magnifications « 400X), an otolith shows· a pattern of light and 
dark bands. The relative rates of deposition of these zones, their relation to fish growth 
and their chemical composition have been the focus of much debate. During periods of 
slow growth the width of the daily increments are narrower and the relative protein 
portion high (Campana & Neilson 1985) which under low magnification appears as an 
opaque zone (Buxton 1987). Fast growth produces wider zones which appear 
translucent under low magnification as they have a relatively higher calcium carbonate 
portion than slow growth increments. An annulus zone consists of one opaque and one 
translucent zone under low magnification and represents a year of growth. 
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Once the age at specific lengths have been determined from the otoliths, the data can be 
applied to growth models such as the von Bertalanffy equation, to obtain the parameters 
K and Loo, which are used to describe growth. This model has been widely used to 
describe the growth of fish (Campana & Jones 1992). It has, however, also seen 
application in the early life history stages, providing details on growth during the first 
year (Ralston 1976a; Messieh et al. 1987; Gjosaeter et al. 1984). 
C.marleyi is undoubtedly one of the most important species in the South African marine 
ornamental fishery. The aim of this study was to estimate age and growth rates which 
could assist in the development of a management plan, and which would provide part of 
the information upon which to assess the aquaculture potential of the species. 
4.2 Materials and Methods 
All fish (n=102) were measured for total and standard lengths in millimeters. Total mass 
was determined to the nearest O.lg. The relationships between these parameters, were 
expressed in the form of y=mx+b (where y=mm SL, x=mm TL and, m and b are 
constants) for the length relationship and were calculated by logarithmic regression 
analysis expressed in the form y=mxb (where y=mass (g), x=mm TL and, m and b are 
constants) for the length/weight relationship. Otoliths were removed from 51 fish, otolith 
length was measured to the nearest O.Olmm and regressed against TL in the form of 
y=mx+b (where y=mm Otolith Length, x=mm TL and, m and b are constants). 
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Daily increment analysis 
Daily increment analysis was examined using light microscopy and scanning electron 
microscopy. The otoliths of 39 fish, ranging in length from 52-138 mm TL, were 
imbedded in casting resin and sectioned transversely (Fowler 1989). The otoliths were 
sectioned using a double bladed diamond saw at an average thickness of Imm. Due to 
the limited sample size, alternative planes could not be sectioned. For daily increment 
analysis, the section was then mounted on a slide using Canada balsam, which becomes 
malleable when heated (Secor et at. 1992). Using small circular movements, the section 
was ground by hand using various grades of wet water paper (from grade 150 to 800), 
until the core was almost visible. During grinding, the otolith was checked at regular 
intervals under a compoll}1d microscope to ensure that the core had not been ground 
through. The section was then polished using 1 ~m alumina paste and [mally 0.3 ~m 
paste. The slide was then heated to melt the Canada balsam allowing the removal of the 
section.). The section was then glued to a clean slide using cyanoacrylate glue 
(superglue), which enabled the grinding and polishing of the other side. The other side of 
the section was then ground until the core was located and then polished as described 
above. Eight otoliths were lightly burnt over a spirit flame (caramel colour) and prepared 
as described above to compare the readability of the increments between burnt and the 
unburnt otoliths. However, it was more difficult to locate the core in burnt otoliths as it 
appeared too dark under the microscope. Burning of otoliths for micro-increment 
analysis is therefore not recommended. 
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For the SEM examination, 12 otoliths offish ranging from 49-109 mm TL were selected 
and prepared in the following manner. Six otoliths were etched using O.lM HCI and six 
were etched with O.lM EDT A for intervals of 0.5 to two miilUtes (Lang & Buxton 1993). 
After etching the sections were rinsed in distilled water, glued onto a SEM stub using 
carborundum glue, sputter coated with gold (100 Angstroms) and examined with SEM at 
12 kV. It was, however, found that daily increments were difficult to interpret under 
SEM, and combined with the small sample size it was decided that it would be safer to 
prepare the otoliths for light microscopy rather than possibly waste them for SEM 
examination. 
Polished otoliths were viewed at X1000 magnification under transmitted light. An 
overhead video camera (digital Panasonic WV.CP140) was connected to the compound 
microscope (Olympus BX40) which was coupled to a 14" monitor (Mitsubishi FA3435). 
Image enhancing software was used to help vary contrast and brightness. A blank 
transparency sheet was suspended over the monitor screen and a fine-tip pen was used to 
mark the edge of each increment. 
The procedure to count daily increments was as follows. The core of the otolith was 
located and marked on the transparency, the edge of the first readable increment was then 
marked followed by subsequent increments. When the last increment on the screen had 
been marked, the slide was moved so that the next frame of increments could be marked, 
making sure that the ring linking the beginning and end of each frame could be 
associated. When the edge of the otolith had been reached the transparency was 
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removed, the increment widths transferred onto a sheet of paper which were then 
measured to the nearest 0.5mm providing increment widths from the otolith core to edge. 
If the daily increments on an otolith were readable from the core to the edge, the otolith 
was reread and the number of increments from the two counts were averaged. The age of 
the fish in days was then used to describe the growth of the fish during the first year. 
To determine whether the micro-increments were deposited on a daily basis, 
intramuscular injections of Oxytetracyline (OTC) at doses of 150-250 mglkg fish were 
given to eleven fish. These dosages were shown by Lang & Buxton (1993) to result in 
minimal mortality and produce bands of OTC, visible under ultraviolet light, in the 
sectioned otoliths of Diplodus sargus capensis and D.cervinus hottentotus. The injected 
C. marleyi developed white-spot soon after being treated and all fish died within one week 
after the injection. A further eight fish were immersed in Alizarin red-S (ALR) at a 
concentration of 150mgll and 250ml/l seawater for 24 hours in complete darkness (Lang 
& Buxton 1993; Blom et al. 1994; Beckman & Schulz 1996). The fish were then 
maintained at constant temperature (24°C), salinity (35ppt) and photoperiod (12L:12D) 
and were fed twice daily to satiation with a mixed diet of chopped squid, pink prawn and 
sand mussels. After 30 and 60 days, fish were sacrificed and the otoliths prepared for 
increment analysis as described above. 
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Annual growth analysis 
Otoliths of 22 fish, ranging in length from 72-138 mm TL were prepared for annual 
growth analysis. All the otoliths were lightly burnt over a spirit flame until golden 
brown, embedded in resin and sectioned transversely using a double bladed diamond tip 
saw. The sections were then mounted onto a slide using DPX, a clear, slide mountant 
and cross referenced to sample number. The otoliths were read by two colleagues (from 
the Department of Ichthyology and Fisheries Science at Rhodes University) experienced 
in interpreting and counting annual rings. If the two counts for a particular otolith were 
the same, the count was accepted. Any otoliths differing by one or more years were 
excluded from the analysis. 
The von Bertalanffy growth model is generally regarded as the most suitable model for 
expressing growth in fish (Pauly 1979; Hughes it 1986). The model is described by the 
equation: 
where let) is the length at age t, Loo is the theoretical maximum length, K is the growth 
constant and to is the predicted age at which, according to the model, the fish length 
would be zero (Hughes 1986). 
Growth curves of both daily increment analysis and annuli counts were fitted individually 
as well as together. Due to the small sample size the data were not separated by sex. 
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Pooling the data from both methods (daily increment and annual counts) provided a 
better fit of the von Bertalanffy growth curve for the first year of growth as ages within 
the first year had greater representation from the daily increments rather than from just a 
single, year-one annuli. A non-linear minimisation routine (simplex method) was utilised 
to obtain parameter estimates for the selected growth model (Booth & Buxton 1997). 
von Bertalanffy growth parameters were also calculated from the length-frequency data 
using Compleat ELEF AN (Version 1.1) computer software (Brey & Pauly 1986). 
Growth curves were fitted by the ELEF AN 1 routine which restructures length-frequency 
data in an attempt to identify peaks corresponding to cohorts or age classes. The 
parameters Lex:> and K are provided until the best Rn (an indicator of how well the 
resulting curve coincides with peaks in the length-frequency distributions; Morales-Nin 
1989) was attained. This model enables modal progression analysis which can then 
corroborate the growth curves obtained from otolith interpretation .. 
The growth performance index (f) (Pauly 1994) was used to compare growth patterns 
for each of the three methods of aging C.marleyi and the combined data of the daily 
increment and annual ring methods. To compare these methods and growth performance 
of other chaetodontids, f was calculated from growth data for C. miliaris (Ralston 
1976a), C.rainfordi, C.plebius and Chelmon rostratus (Fowler 1991). The phi prime 
index ($') was calculated using the equation -
$' (phi prime) = In K + 2Ln Lex:> 
(Pauly 1994). 
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4.3 Results 
The relationship between total length and standard length was linear and is shown in 
Figure 4.1. The exponent b in the length-weight relationship (Figure 4.2) was >3. This 
value describes allometric growth and reflects the growth of chaetodontids, which 
become deeper bodied and heavier even after growth in length has slowed down (Tesch 
1968). The relationship between otolith length and fish total length was linear and is 
shown in Figure 4.3. 
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Figure 4.3 - The relationship between otolith length and total length of Chaetodon marleyi. 
N = 51. 
The validation of daily growth increments, using OTe and ALR proved unsuccessful. 
Those fish marked with OTe died, while those marked with ALR failed to produce a 
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discemable mark on the otoliths after 30 and 60 days. This suggests that the dosages of 
OTC were too high, while those of ALR were too low and further work is required to 
determine the exact concentrations for marking the otoliths of C.marleyi. 
Of the 39 otoliths prepared for micro-increment analysis, only six provided sections 
which were readable from the core to the edge. Figure 4.4 shows a section of an otolith 
on which clear micro-increments are visible. As is commonly experienced, none of the 
otoliths exhibited micro-increments along a single plane from core to edge. Increment 
counts were compiled from portions along various axes of the otolith. Since there is a 
difference in otolith growth on the different growth planes (Jones 1992), an analysis of 
increment width and increment number was not possible. 
Validation of the daily formation of increments was resolved from a 79 mm TL fish 
(captured in mid-August) which had 362 micro-increments from core to edge. The first 
opaque (discontinuous) zone was present, starting between increments 285 and 300. 
Other temperate South African fish begin to lay this zone down in early winter (Buxton 
& Clark 1991, 1992). The particular fish was collected in mid-August and had 75 rings 
from the start of the opaque zone to edge of the otolith. Assuming that one opaque and 
one translucent zone is deposited on the otolith of C.marleyi per year, and that the fish 
was captured during the middle of the suggested breeding season (see Chapter 5) it is safe 
to assume that the zone is a juvenile winter check ring and that micro-increment 
deposition is daily. 
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In reading the annuli of 22 otoliths, 13 produced similar counts between the two readings. 
The remaining otoliths for which discrepancies existed between readings, were not 
included in the data set. Figure 4.5 shows a transverse section of a sagittal otolith from a 
137 mrn TL fish. 
Figure 4.4 - Photograph of daily increments of Chaetodon marleyi otolith sectioned 
transversely and viewed under transmitted light. Scale bar = 1 ~m 
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Figure 4.5 - Photograph of a transverse section of the sagittal otolith of Chaetodon marleyi 
viewed under transmitted light. Opaque zones are marked to indicate location of annuli (3 
years, TL =137). Scale bar = 1 mm. 
The von Bertalanffy growth curve for the fish aged using daily increment analysis and 
annual rings are presented in Figures 4.6 and 4.7 respectively. Both of the analyses 
suggest that growth is rapid with fish reaching between 65mm TL (Figure 4.7) and 80mm 
TL (Figure 4.6) in their first year. 
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Figure 4.7 - The growth of Chaetodon marleyi using annual zone counts on the otoliths. 
(n=13). 
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Figure 4.8. shows the growth curve using daily increment (for the first year) and annual 
ring data for years one to four, and the growth curve obtained from the length-frequency 
data. 
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Figure 4.8 - The growth of Chaetodon marleyi using combined data from daily increment 
analysis and annual rings (solid line) and length-frequency data (dotted line). 0 - daily 
increment data (n=6), +- annual ring data (n=13). 
The maximum Rn that could be fitted for the length-frequency data (Figure 4.9) was 
0.423. Unfortunately, the model prevents the values for Leo, K and to from being finely 
tuned and thus only gives a crude estimate. The figure shows six cohorts for C.marleyi 
and a TL of 85mm after one year. 
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Figure 4.9 - Length-frequency data for Cizaetodoll marleyi with ELEFAN generated growth curves. 
All fish were pooled into a single year data set, (n = 102). Seasons are quarterly with summer 
beginning 1st December. 
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Table 4.1 lists the growth parameters and $' values of the three aging methods, daily 
increment analysis, annual rings, combined (daily increment and annual ring methods) 
and length-frequency distribution. 
Table 4.1 - Comparison of the von Bertalanffy growth equation parameters obtained from 
the three methods and combined (daily increment and annual ring methods) used in this 
study for the determination of growth in Chaetodon marleyi. The <1>' represents overall 
growth performance and is used to compare growth. 
Daily Increments Annual Rings Combined Length-Frequency 
Loo (mm) 80.81 148.49 179.0 175 
K 4.63 0.41 0.21 0.6 
to (years) -0.17 -0.32 -1.42 -0.4 
<1>' 10.32 9.11 8.81 9.82 
Table 4.2 compares the growth of Cmarleyi to four other chaetodontids. The combined 
data of the daily increment method and annual count method are shown as these data are 
more representative than either of the two individual methods. The $' values of 
Cmarleyi (length-frequency analysis method) falls within the range (9.06-9.83) of four 
other chaetodontid species (Table 4.2). Although these aging studies can be used for 
comparison, testing these similarities statistically is not possible. It does however appear 
that the growth performance of Cmarleyi is similar to that of other congeneric species. 
53 
Table 4.2 - Comparison of growth parameters of five chaetodontid species. All lengths are 
mmTL. 
Species Loo K $' Age (years) at Reference 
50% Loo 95% Loo 
Chaetodon marleyi a 179.0 0.21 8.81 2 >10 This study 
Chaetodon mar/eyi b 175 0.6 9.82 2 6 This study 
Chaetodon miliaris 127 1.13 9.81 <1 4 Ralston (1976a) 
Chaetodon plebius 94.2 0.97 9.06 <1 <4 Fowler (1991) 
Chaetodon rainfordi 118.5 0.82 9.35 2 9 Fowler (1991) 
Chelmon rostratus 122.8 0.87 9.83 1 5 Fowler (1991) 
Aging methods - a Combined (daily increment and annual ring methods), b length-frequency analysis. 
4.4 Discussion 
Of fundamental importance to an age and growth study is the validation of the growth 
zones (Beamish & McFarlane 1983). Unfortunately the experiments of chemically 
marking the otoliths in this study were unsuccessful. The death of the fish used in the 
OTe experiment was probably due to stress as a consequence of an overdose of OTe 
(Weber & Ridgeway 1962). Young goldfish given intramuscular dosages of OTe from 
50 mg.kg fish- l produced otoliths with fluorescent bands (Kobayashi et al. 1964), while 
juvenile sparids (Diplodus sargus capensis and D.cervinus hottentotus) required dosages 
of 250 mg.kg fish- l (Lang & Buxton 1993). This wide range of OTe dosages suggests 
that dosage is species specific. The ALR immersion experiments in this study were 
carried out at concentrations which, in previous studies have resulted in the deposition of 
violet-red marks on the otoliths of cod (Gadus morhua) (Blom et al. 1994), stonerollers 
(Campostoma anomalum), redbelly dace (Phoxinus erythrogaster) and white suckers 
(Catostomus commersoni) (Beckman & Schulz 1996) with minimum mortality. 
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Unfortunately, these dosages were not high enough to mark the otoliths of C.marleyi 
suggesting that ALR dosages are also species specific and require a detailed 
investigation. 
Campana & Neilson (1985) felt that the examination of otolith microstructure is 
questionable after the first year of life in temperate species due to the compression of 
rings during the winter months. As the fish grow older the increment width decreases 
making the daily increments difficult to interpret. 
Changes in daily increment width, contrast and structure are known to occur at 
metamorphosis and/or settlement (Victor 1982; Fowler 1989; Francis et al. 1992). 
Fowler (1989) plotted the increment widths of three chaetodontids against increment 
number and noted that the region where increment width started diminishing 
corresponded with the time of settlement. Because the increment widths could not be 
measured along the same plane on a single otolith with certainty, the position of the 
settlement ring could not be determined. It is suggested that the otoliths of young fish 
(TL < 30mm) should be prepared and examined for early growth and settlement checks 
which would contribute greatly towards understanding more about the length of the larval 
period and early life-history of the fish. 
Of the 45 Pachymetopon blochii otoliths prepared for daily growth examination by 
Pulfrich & Griffiths (1988) only 3 yielded results. The otoliths from long-lived fish are 
difficult to prepare and only a small fraction yield increments which can be read from 
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core to edge (Ralston 1985). As with this study, trying to obtain otoliths that possess 
discemable daily increments that can be read from the core to the edge proved to be 
extremely difficult. 
Length-frequency analysis can assist in clarifying the growth and age of a cohort. The 
curve of the first cohort (Figure 4.9) shows the length at one year of age to be about 85 
mm TL, compared to 99.5 mm TL when using the von Bertalanffy equation (Table 4.1). 
This difference can be attributed to the crude values of the variables obtained using the 
ELEFAN program (Gayanilo et al. 1996). The graph (Figure 4.9) shows six curves at 
anyone time, each of which represents a cohort. The higher Loo obtained in the length-
frequency model in comparison to the otolith growth ring models can be attributed to the 
fact that the ELEF AN program uses the entire data set to model the curve and not a 
sample of fish whose otoliths were acceptable for analysis. The model using the 
combined data of daily increment and annual ring methods (Figure 4.8) shows that the 
fish grow to about 72mm TL in the first year. 
Given the differences in the length-at-age generated by the combined daily and annual 
otolith data and the ELEF AN data, the averaged length-at-age data is considered to be 
described by a curve somewhere between the two estimates (Figure 4.8). However, given 
that the two estimates are independent from each other does not allow for calculating an 
average growth curve. 
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Tropical chaetodontids in general appear to be fast growing fish (Ralston 1976a; Fowler 
1989). Chaetodon miliaris attains 90 nun TL within the first year (Loo=127nun, K= 1.13) 
(Ralston 1976a). The similarity of the ~' values of Cmarleyi, Cmiliaris and Chelmon 
rostratus shows that the growth of these three species is similar. Although the two oldest 
fish in this study were both aged at four years (TL = 97 and 133), the maximum age of 
C marleyi is unknown. 
With a life expectancy of around six years, the rapid first year of growth gives juveniles a 
chance to recruit onto the reefs and acquire territories as is known to occur in tropical 
species (Burgess 1978). The input of energy into somatic growth during the first year 
means that energy during the second year can be spent on gonadal development allowing 
the fish to reproduce at age two thereby maximising its reproductive fitness (see Chapter 
5). 
Although the largest fish collected in this study was 138 nun, a specimen from the RUSI 
collection measured 172 nun. Burgess (1978) states that the maximum size is around 225 
nun TL compared to 150 nun TL suggested by Smith & Heemstra (1995). These 
conflicting maximum lengths are most probably due to the limited sampling of the 
species. If the maximum length is 225 nun as stated by Burgess (1978) further specimens 
need be collected of this size to help resolve the question of longevity in the species. 
Since the daily increment analysis only utilised data from the first year of growth, the Loo 
is smaller when compared to analysis using fish from larger size classes. Consequently, 
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the ~' value for daily increment technique differs from the other two aging methods. The 
~' values for the annual ring and length-frequency methods of aging C.marleyi are similar 
suggesting that the growth curves are comparable (Munro & Pauly 1983). It is however 
interesting to note that the combined data yielded a ~' value different to either of the two 
individual methods. 
The suitability of a species for aquaculture is partially determined from aspects such as 
growth rate and age at sexual maturity (Bruton & SafrieI1984). An important 
consideration for a candidate aquaculture species is that it should be fast growing, thereby 
reducing the grow-out time and associated costs while increasing production rates and 
profitability. Management and culture implications regarding the rapid growth and age at 
sexual maturity are discussed in Chapter 6. 
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Chapter 5 - Reproductive biology 
5.1 Introduction 
Fish exhibit a diverse array of reproductive strategies ranging from hermaphroditism to 
gynogenesis (Jobling 1995). These characteristics are selected in a way so as to 
maximise the reproductive fitness of the species (Adams 1980). Therefore, knowledge of 
the aspects of reproductive biology is fundamental for understanding the life-history of 
Cmarleyi. 
Information regarding the. reproductive biology of any of the temperate water 
chaetodontids is severely lacking. However, aspects such as gonad development and 
spawning behaviour have been described for a number of tropical species including 
C miliaris, C nippon, C multicinctus, C capistratus, C striatus, C austricatus, 
Cpaucifasciatus and Cfasciatus (Ralston 1976b; Suzuki et al. 1980; Colin 1989; Irons 
1989; Lobel 1989b; Tricas & Hiramoto 1989; Fowler 1991; Garaibeh & Hulings 1990; 
Londraville 1990). 
Chaetodons appear to be gonochorists (Ralston 1981; Tricas & Hiramoto 1989; Fowler 
1991). However, Tricas & Hiramoto (1989) found testis formation within ovarian 
lamellae of several (19 out of 321 fish) sexually differentiated, but immature 
Cmulticinctus. Butterflyfish all seem to release pelagic eggs (Thresher 1984; Colin 
1989; Leis 1989; Lobel 1989a; Lobel 1989b), which are usually spawned at dusk (Colin 
1989; Lobel 1989b; Londraville 1990). Age at sexual maturity is usually attained within 
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two years (Ralston 1976b; Fowler 1991), with many speCIes forming long-term 
monogamous bonds (Hourigan 1989). 
Spawning in tropical chaetodontids tends to vary geographically (Colin 1989). 
Depending on the species, this may occur in winter/spring (Ralston 1976; 1981; Tricas & 
Hiramoto 1989), spring/summer (Munro et al. 1973), summer/autumn (Fowler 1991) or 
autumn/winter (Gharaibeh & Hulings 1990). The breeding of many tropical 
chaetodontids throughout the year can be chiefly attributed to the constant water 
temperatures of tropical waters (Colin 1989). 
The objectives of this study were to determine the breeding season and size at sexual 
maturity of C.marleyi, as both are important considerations in the development of a 
protocol for the successful captive breeding of the fish and in the development of a 
management strategy for the species, should this become necessary. The reproductive 
biology of a fish is possibly the most important component of its biology when it is 
considered for aquaculture, as aspects of spawning and subsequent larval rearing are 
generally regarded as the major bottleneck in marine fish culture (Randall 1987). 
5.2 Materials and Methods 
The most commonly used method for determining gonadal activity in fish is the 
gonosomatic index (GSI) (deVlamming et al. 1982). This method requires representative 
monthly samples of the population of fish over a period of at least one year. The gonads 
of each fish are weighed and a ratio of gonad weight to total body weight is determined. 
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Prior to spawning, the gonad starts to mature,. resulting in an increase of the index thus 
indicating the onset of the breeding season. Gonads can also be staged macroscopically 
on a monthly basis, which involves placing the gonad into a category based on visual 
criteria (West 1990). This method of determining the breeding season is often used in 
conjunction with the GSI method. However, the most accurate method of assessing 
gonadal activity is by way of monthly histological examination of the gonad tissue 
(Booth & Hecht 1997), although it is time consuming. 
Due to the small sample of sexually mature fish (22 ?, 26 a), and even smaller sample 
size of reproductively active individuals (1 ?, 8 a), monthly GSI indices could not be 
generated for either sex, nor could macroscopic staging of the gonads be performed. To 
assess gonad development histological examination was used. Samples of gonad tissue 
(22 ?, 26 a) that had been fixed for two weeks in 10% formalin and then stored in 60% 
propyl alcohol for a minimum of two weeks were dehydrated through a series of 
increasing alcohol concentrations, cleared in xylene and impregnated with paraffin wax. 
The impregnated gonad tissue was sectioned between 5 and 8f.lm using a Lipshaw rotary 
microtome (Model 45). Sections were mounted onto glass slides and stained using 
standard Gill's haematoxylin (a protein stain), and eosin (a cytoplasmic stain) procedures. 
After drying, coverslips were placed over the slides using DPX mounting medium 
(Humason 1979). Light microscopy was used to examine the stained sections. 
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In order to determine breeding season, histology was used to classify the testes of males 
as reproductively immature or mature. Monthly reproductive maturity was then 
determined, providing a period of reproductive activity. 
The tissue dissected from the dorsal mesentery of the visceral cavity in fish not 
containing a discernible gonad, were examined using light microscopy after being stained 
using aceto-carmine stain and squashed between two slides (Guerrero & Shelton 1974). 
This method provides easy identification of oogonia and spermatogonia in juvenile fish 
without requiring histology. The stain is readily absorbed by gonadal tissue providing a 
distinct contrast between gonadal and surrounding connective tissue (Guerrero & Shelton 
1974). 
Length-at-maturity was determined for male fish and estimated by fitting a logistic ogive 
to the proportion of reproductively active fish in lOmm TL size classes. For the purpose 
ofthis study length-at-maturity is defined as the size at which half of the fish are sexually 
mature (Garratt 1985; Smale 1988; Booth & Hecht 1997). The two-parameter logistic 
ogive is described by the equation: 
1 
P(l) = _ (/ _/ ) / b 
l+exp 50 
where P{l) is the percentage of mature fish at length I, 150 the length-at-maturity and () the 
width of the ogive (Booth & Hecht 1997). Since only one mature female was sampled, a 
maturity ogive for females could not be constructed. 
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By using the daily increment data obtained from the otoliths of juvenile C.marleyi, the 
hatching period could be back calculated (Chapter 4). These data were then used to 
corroborate the breeding season as determined from the histological analysis. 
5.3 Results 
The criteria and terminology described by Tricas & Hiramoto (1989) for staging oocyte 
and spermatocyte development in Chaetodon multicinctus was followed. The mature 
gonads of C.marleyi are paired and lie in the upper posterior portion of the visceral 
cavity. Testes are creamy white, elongate and slender, while ovaries are yellow/pink, 
heavier, rounder, and bilobed, joining posteriorly. In some of the smaller fish «70 mm 
TL), the gonads were too small to positively identify them as either male or female. The 
sex of the animals were determined histologically and using material prepared using the 
aceto-carmine stain technique. 
The presence of primary oocytes, an indication of ovarian development (Tyler & Sumpter 
1996) was observed in fish ~63mm TL (Figure 5.1a) and the onset of testicular maturity 
where the formation of spermatogenic crypts occur (Tricas & Hiramoto 1989), was 
evident in fish ~56mm TL (Figure 5.2a). The smallest fish examined was 35mm TL. 
Oogonia were most evident at the periphery of the ovigerous lamellae embedded in the 
germinal epithelium. They are small in size ranging from « 25 !lm) with a large nucleus 
to cytoplasm ratio and have a lightly basophilic cytoplasm. After the first meiotic 
division and further primary growth, perinucleur oocytes appear. These oocytes are 
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strongly basophilic, possess numerous nucleoli and have a well defined thecal covering 
(Figure 5.1a) and range in size from 25 to 85 flm. 
Of the 22 ovaries examined, only one female was found with ripe ovaries (TL = 172mm). 
This fish was not collected in this study, but was obtained from the RUSI collection, and 
was been caught in Durban on 5 August 1992. No other females were obtained with 
oocytes in the cortical alveoli (yolk vesicle) and early vitello genic stage. Vitellogenic 
oocytes are deemed mature when coalescence of the lipid droplets is evident and the 
migration of the nucleus to the cell periphery begins (West 1990). Two stages of 
vitellogenic oocytes (200 to 470 flm) were present in the single mature ovary (Figure 
5.1b). The first stage was that of lipid coalescence and migration of the nucleus to the 
cell periphery followed by the breakdown of the nuclear membrane and release of its 
contents into the cytoplasm. The fusion of yolk granules occurred during nuclear 
migration or breakdown. 
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Figure 5.1 - Transverse sections through the ovaries of Chaetodon marleyi illustrating 
oogenesis. (a) Immature ovary (TL = 137 mm) containing nests of oogonia (No), pre (Ppo) 
and early (Epo) perinucleur oocytes. Scale bar = 50flm. (b) Oocytes in late vitellogenesis 
(TL = 172mm). Yg = Yolk granules, Ygf = yolk granule fusion, Rnm = ruptured nuclear 
membrane. Scale bar = 200flm. All tissue stained with Gill's haemaoxylin and eosin. 
The development of the testis started with the aggregation of spermatocytes in 
spermatogenic crypts, which had developed from spermatogonia (Figure 5.2a). In mature 
fish, the spermatozoa were observed in the fully formed crypts (Figure 5.2b). 
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Figure 5.2 - Transverse sections through the testis of Chaetodon mar/eyi. (a) Immature 
testis (TL = 93 mm) containing spermatogonia (Sg) and spermatocytes (Sc). (b) In mature 
fish (TL = 127 mm) spermatozoa (Sz) fills the tubule lumen. St = spermatids. Both scale 
bars = 50llm. Stained using Gill's haematoxylin and eosin A. 
Of the 26 male fish examined, eight possessed reproductively active testes. 
Reproductively active males had an average GSI of 0.90 (SD±0.25) while that of non-
reproductively active males was 0.27 (SD±0.15). Reproductively activity gonads were 
only recorded between May and early November indicating that spawning takes place in 
winter-spring. 
Sexual maturity for males is initiated at ;:::: 56 mm TL. From the logistic ogive presented 
in Figure 5.3 the length at 50% sexual maturity was calculated as l05mm TL (Figure 5.3) 
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when the fish are approximately two years old (Figure 4.8, mid-way between the two 
growth curves). Three mature females (>120mm TL) collected between August and 
November had reproductively inactive ovaries as indicated by the absence of cortical 
alveoli and vitello genic oocytes. 
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Figure 5.3 - Size-at-maturity of male Chaetodon marleyi (in 10mm size classes) from 
samples collected in 1996/97. Solid line fitted using a two-parameter logistic ogive, dotted 
line indicates size at 50% maturity. Numbers at top of graph represent sample per size 
class. N=26. 
Birth dates of the six fish used for daily increment analysis were back calculated from the 
time of capture and shown in Table 5.1. The period of hatching varied between 15 
August and 1 December, which supports the suggestion that spawning occurs in winter-
spring. 
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Table 5.1 - Birth dates of Chaetodon marleyi obtained by back-calculation of daily 
increment data from the time of capture. 
Date of capture Age (days) Birth date 
24 April 174 1 November 
24 April 180 26 October 
13 May 180 14 November 
24 May 225 11 October 
24 May 174 1 December 
12 August 362 15 August 
5.4 Discussion 
Chaetodontids are, most likely, gonochorists as there is no size-related difference in sex, 
and their gonads are simple unlike sequential hermaphrodites (Aiken 1983; Ralston 
1976b; Thresher 1984; Gharaibeh & Hulings 1990; Fowler 1991). Teleost gonads arise 
from a single primordium which lack male and female elements (Atz 1964). 
Prematuration sex change in the tropical Cmulticinctus has been observed in which some 
testes developed within previously differentiated ovarian tissue (Tricas & Hiramoto 
1989). Although the incidence of this was low (19 of 321 males), the ability of fish to 
change sex may facilitate monogamy within the highly competitive social structure of 
this territorial species (Tricas & Hiramoto 1989). There was no evidence of this in 
Cmarleyi. This study suggests that the ovaries and testes of Cmarleyi develop from 
previously undifferentiated tissue. 
The ripe ovary contained primary oocytes, mature oocytes and early vitello genic oocytes. 
The simultaneous occurrence of these stages of oocytes in the ovary suggests that 
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C marleyi is an asyncronous or multiple spawner (West 1990), as are many other tropical 
chaetodontids (Ralston 1981; Suzuki & Hioki 1983; Tricas & Hiramoto 1989; Fowler 
1991). This reproductive strategy increases the chance that some of the eggs will develop 
during favourable environmental conditions compared to the strategy of producing a 
single batch which may be totally out of phase with optimal environmental conditions, 
and therefore die. Fowler (1991), working on Crainfordi, found that not all females 
were reproductively active at anyone time. This may also be the case with Cmarleyi, 
however, as the sample size of reproductively inactive fish was too small for statistical 
analysis any inferences are speculative. 
Reproduction in tropical species tends to occur when temperatures are at their lowest, i. e. 
during periods of upwelling and subsequent phytoplankton blooms (Colin 1989). In 
areas where there is little change in water temperature, breeding may occur all year round 
(Lobel 1989a). The larval periods of many temperate fish coincide with the start of the 
phytoplankton bloom (winter/spring) which occurs due to the nutrient rich upwelling 
water (Bye 1990). In South Africa, the concentration of chlorophyll over the Agulhas 
bank is greatest during spring (Probyn et al. 1994), the season when many of South 
Africa's temperate water fish begin spawning (Buxton & Clark 1986; Garratt 1985; 
Coetzee 1986; Smale 1988; Buxton & Garratt 1990; Mann 1992). Although speculative, 
Cmarleyi may have a similar timing strategy. 
The mature ovary from the fish collected in August 1992 combined with the period 
during which males were reproductively active (i.e. between May and early November), 
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suggests that C. marleyi spawns during winter/spring. Corroboration for the spawning 
period is provided from the back calculation of birth-dates, which imply that spawning 
occurs between mid August and early December (Table 5.1). 
The larval period of tropical chaetodontids has been estimated to last between 35 and 57 
days (Leis 1989). If C.marleyi does spawn from June to November, settlement dates of 
juveniles should range between July and December. However, the growth oflarvae tends 
to be faster in tropical species were the water is warmer (Blaxter 1992), therefore making 
it possible that the larval period is longer in C. marleyi than in tropical species. 
From early November to mid-February, small juvenile C.marleyi (TL < 30 mm), some 
still in the characteristic chaetodontid tholichthyes stage, are found along the eastern 
Cape coastline (pers. obs. & W. Maritz, East London Aquarium 1997; S. Fisher, Port 
Elizabeth Oceanarium 1997, pers. comm). Given that these smalljuvenile C.marleyi are 
only found during the summer months suggests a single breeding season. Therefore, the 
period between suspected spawning and juvenile settlement is between one and three 
months, a month longer than the larval period of many tropical chaetodontids (Leis 
1989). 
Although one female was found with mature ovaries, it was collected from K wa-
ZululNatal and care must therefore be taken when grouping it with the eastern Cape 
C.marleyi population as any inferences are speculative. The three inactive females 
(127mm, 130 mm and 138 mm TL) collected during the period of male reproductive 
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activity suggests two things. Firstly, size-at-maturity is possibly between 138 mm TL 
(the largest female collected in this study) and 172 mm TL (the female with mature 
ovaries) suggesting that there is sexual dimorphism with females being larger than males. 
However, if C.marleyi, like many other chaetodontids, is sexually monomorphic the size 
at 50% maturity of the males should be similar for the females. 
The second possibility is that the females are reproductively inactive in the eastern Cape, 
and recruitment occurs from Kwa-ZululNatai. As with other marine species, the 
juveniles are carried down with the inshore peripheral waters of the Agulhus current 
(Beckley 1993). These two possibilities are not mutually exclusive as both may apply, 
i.e. the size at sexual maturity may be >138 mm TL, and, fish may only reproduce in 
Kwa-ZululNatal. Extensive periodic sampling of larger females at areas all along the 
coast of South Africa may help clarify this issue. 
The size or age of a fish may influence its time of spawning during the breeding season 
with larger fish spawning first while first-time spawners only become reproductively 
active and spawn at the end of the breeding season (Bye 1990). If females do mature at a 
larger size than males it is possible that the three females ( >127 mm TL) may have 
spawned towards the end of the breeding season, at a date later than the 172 mm TL 
mature individual. 
The occurence of gonadal inactivity seems to be relatively common in butterflyfish as 
various studies have found regional populations of chaetodontids that are reproductively 
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inactive, year round. Reasons for the lack of gonadal activity when compared to other 
populations are possibly temperature (Suzuki & Hioki 1983; Fowler 1991), or the lack of 
necessary prey items which provide lipids essential for normal gonadal maturation 
(Ralston 1976b). 
If the life expectancy of a fish is brief, possibly only a few weeks or months, it would be 
expected to reproduce whenever there was a possibility of success. Fish living longer 
tend to put energy into somatic growth during the first few years and then into 
reproduction (Sumpter 1990). Male Cmarleyi become sexually mature during their 
second year (Figure 4.8), which is similar to other chaetodontids (Ralston 1976b; Fowler 
1991). Therefore, male Cmarleyi seem to optimise their reproductive·fitness by being 
able to reproduce at age two. As with many other southern African species, Cmarleyi 
reproduces during winter and spring. This period coincides with an increase in primary 
productivity due to upwelling, thereby optimising the chance of larval survival. By 
inference the length of the larval period ranges between one and three months with 
settlement occurring during the summer months. 
If it is indeed the case that Cmarleyi only breed in Kwa-ZululNatal, then the primary aim 
of a management strategy must be the protection of the spawning stock. The implications 
of this and suitability ofCmarleyi for aquaculture are discussed in Chapter 6. 
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Chapter 6 - General discussion 
In this final chapter an attempt is made to bring together the various aspects of the 
biology of Cmarleyi discussed in the preceding chapters and to present a general picture 
of the fish and its life-style which will then be discussed in terms of modem life-history 
theory. With knowledge of the species life-history, a conservation plan can be developed 
and the potential for aquaculture assessed. 
Many tropical chaetodontids are territorial, particularly those utilising a discrete food 
resource (Roberts & Ormond 1982). Cmarleyi has a preference for the tentacles of 
terebellid polychaetes which, given its predominance in the diet of the species, can be 
considered a discrete food source. The presence of other minor prey items suggests that 
the fish feed opportunistically on these as no individual group was in a greater proportion 
than any of the others. The high protein and energy content of the terebellid tentacles 
compared to other available prey items suggests one of two things. Firstly, that 
C marleyi has a high energetic requirement and thus requires a high energy content food, 
or, secondly that Cmarleyi maximises its nutritional requirements by feeding on 
energetically profitable prey. The dentition of Cmarleyi is well suited to its feeding style 
as the teeth are long and inwardly curved therefore helping to grip and then manipulate 
the prey. 
During this study adult C marleyi were found in pairs which suggests that the species 
forms monogamous pairs. Reasons for the choice of habitat of Cmarleyi (on the seaward 
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edge of the reef where sand meets rock), as observed in this study, were not investigated. 
Habitat preference may be to minimise the encounter rate with larger piscivorous reef 
fish or to reduce competition for the preferred food resource which is also fed upon by 
other reef fish such as Diplodus cervinus hottentotus (Mann 1992). 
Growth of the species is rapid and reaches 50% of Loo within two years. This is 
comparable to other tropical chaetodontids (Ralston 1976a; Fowler 1989). This rapid 
growth enables early recruitment of juveniles onto the reef upon which territories and 
mates may be selected. 
Cmarleyi males begin to attain sexual maturity at a size ;?: 56 mm TL while 50% 
reproductive maturity is attained at 105mm TL, at an age of two years. The largest fish 
(172mm TL) happened to be the only mature female. If Cmarleyi is sexually 
monomorphic, as are many other tropical chaetodontids (Aiken 1983; Thresher 1984), 
females should mature at a similar size to males. However, were size difference between 
adult pairs has been reported, males were larger (Reese 1981; Hourigan 1989). 
The reproductive success of an individual depends on where and when it breeds and the 
resources it spends on reproduction (Wooton 1990). The presence of various stages of 
oocyte development in the ovary of Cmarleyi suggests that it is a multiple spawner with 
a protracted breeding season. The histological data suggests that the fish spawn in 
winter-spring. This is similar to many other southern African fish (Buxton & Clark 1986; 
Garratt 1985; Coetzee 1986; Smale 1988; Buxton & Garratt 1990; Mann 1992). Whether 
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this is associated with nearshore upwelling is not known. The onset and peak of the algal 
bloom may be significantly different from year to year (Bye 1990) therefore the 
protracted breeding season and ability of C. marleyi to spawn intermittently over the 
period increases the chances of larval survival. By back calculating the age of fish to the 
birth date it becomes evident that the hatching period is from mid August to early 
December, which corroborates the suggested winter-spring breeding season. 
Ovulation and spawning are separate events under different control mechanisms 
(De Vlamming 1983). Therefore, in the absence of direct observations of spawning 
females it is difficult to predict the number of spawnings and the number of eggs 
spawned from oocyte size-frequency distributions alone (DeVlamming 1983). No 
spawning or spawning behaviour was encountered in this study possibly as all diving was 
done during the day while butterflyfish tend to spawn at dusk (Suzuki et al. 1980; 
Thresher 1984; Colin 1989; Londraville 1990). Dusk spawning is thought to maximise 
the rapid dispersal of eggs off the reef and reduce the exposure to predators (Shapiro et 
al. 1988). 
Life-history 
Knowledge of the life-history style of a fish has direct relevance to its conservation and 
possible culture. In nature, two extreme life-histories exist, those suited to marginal 
environments which are subjected to unpredictable perturbations, and the other more 
equable environments in which change is more predictable thus allowing the 
development of an equilibrium amongst various flora and fauna (Balon 1986). 
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Capricious environments are inhabited by opportunists which are characterised by rapid 
population growth during short favourable conditions and efficient dispersal mechanisms. 
Mortality is -density-independent and only short-lived population equilibria is reached 
(Bruton 1989). 
The r- and K-continuum theory was first proposed by MacArther & Wilson (1967) and 
based on the different life histories of species in an environment. Using the terminology 
of the population growth equation (Jobling 1995), r is the intrinsic rate of increase and r-
selected species are considered generalists having life-history strategies emphasising 
productivity which predominate in early colonisation. Pelagic species are probably the 
most well known marine r-strategists as they are characterised by early maturation, fast 
growth and a short life span (e.g. anchovies (Waldron 1995)). K- represents the upper 
asymtote or equilibrium population size. K-selected species are specialists and have life-
history strategies adapted for efficiently exploiting a specific limiting resource (Pianka 
1974). 
Following the terminology used to describe life-history styles in birds, Balon (1985) uses 
the terms altricial for describing generalists and precocial for specialists. The most 
general features of the two states is that altricial young are characterised as being small 
and incompletely developed while precocial young are relatively large and completely 
developed. There are of course similarities between r- and altricial generalists and, K-
and precocial specialists. 
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The main reason for preferring to describe the life-history of C. marleyi in terms of 
altricial and precocial states rather than the r- and K-selection concept is that these 
concepts "... reflect the epigenetic processes responsible for their formation and not life 
history parameters of arbitrary or unknown origin or the state of an ecosystem" (Balon 
1985). This is evident in C.marleyi in which the growth rate is rapid and the life span is 
relatively short, however the species is not an r-strategist. As with K-strategists, 
C.marleyi is a specialist and is adapted to life on the reef. Due to the low abundance of 
C.marleyi on the reefs, mortality is expected to be density-dependent. 
Adult C.marleyi have a relatively large body size which reduces the risk of predation and 
like other chaetodontids, probably also produces large numbers of eggs which undergo a 
lengthy larval period before metamorphosis and settlement. These characteristics are 
typical of an altricial strategist. However, on settlement mortality becomes density-
dependent, prey choice is specific and the development of territories induces competition 
amongst conspecifics (Roberts & Ormond 1992). These traits are typical of a precocial 
species. The life-history traits of C.marleyi show that it is a specialist in terms of its food 
and habitat requirements and a generalist in its reproductive mode. Therefore C. marleyi 
has a combination of life-history styles, starting life as a generalist and then changing to a 
specialist after settlement. The advantage of this life-style is that the eggs and larvae are 
dispersed over a large area, thereby allowing juveniles settling in different habitats (i. e. 
estuaries, rock-pools and reefs) along the coastline. Movement onto reefs occurs after 
settlement when feeding preference becomes specialised and mortality density-
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dependent. The survival of C.marleyi on reefs is a result of their specialised mode of 
feeding and other life-history traits which create the species own niche. 
Conservation and Management 
Butterflyfish are amongst the most sought after marine ornamental fish (Randall 1987; 
Couchman & Beumer 1992; Beckley 1994) and except for the study by Suzuki et al. 
(1980), there are no scientifically documented cases of rearing chaetodontid larvae. All 
species offered on the aquarium fish market are caught from the wild. The southern most 
limit of many of the southern African tropical aquarium fish, is the north coast of 
KwaZululNatal (Beckley 1994). 
During the summer months the juveniles of many of these tropical species spawned in 
winter-spring are transported down the East coast in the inshore peripheral waters ofthe 
Agulhus current (Beckley 1993). For example, species such as the moorish idol (Zanclus 
canescens), a strictly tropical species, has been found as far south as Knysna (Belcher 
1990). These juveniles remain close inshore and then disappear when the water 
temperature drops, usually around May. What happens to these fish is the subject of 
much debate amongst scientists and aquarists with one theory suggesting that the fish die 
and another that the fish possibly move back into deeper water where they settle on the 
edge of the continental shelf. The second theory seems unlikely as the water temperature 
is below the tolerance level of most tropical species (Lutjeharms et al. 1996). 
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If the fish do indeed die then a management strategy for tropical ornamentals along the 
eastern Cape coast seems unnecessary. This is the case in New England, USA, where the 
juvenile tropical chaetodontids settle along the coast of Maine having been washed 
upwards in the Gulf Stream from the Caribbean during the summer months. As the water 
temperature begins to drop (beginning of winter) the juvenile tropical butterflyfish start 
dying (Quinn 1990). As a consequence there are no restrictions for hobbyists regarding 
the collection ofbutterflyfish. 
Only collecters in KwaZululNatal require a permit for the collection of tropical marine 
ornamental fish (Beckley 1994). Although the necessity of a management strategy for 
tropical ornamentals along the eastern Cape coastline may seem pointless, C marleyi 
cannot be grouped with these fish as it is an endemic temperate species and is therefore 
exclusively reliant on the Southern African coastline for habitat and breeding. 
Returns pertaining to fish collected by permit holders in KwaZululNatal suggests that the 
value of fish (from market prices) collected in these waters is in excess of R300 000 per 
annum. The most popular fish caught was the racoon butterflyfish, Chaetodon lunula 
with Cvagabundus and Cauriga ranked fifth and seventh respectively (Beckley 1994). 
Between 1988 and 1991, 12.6% of 565628 fish collected by commercial collectors in 
Queensland, Australia consisted of 36 species of butterflyfish (Couchman & Beumer 
1992) suggesting that the demand for chaetodontids is high. Australian commercial 
collectors are issued annual permits and have gear restrictions (i. e. net and hook sizes) 
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(Couchman & Beumer 1992). Areas are protected from collection along the coastline 
and may not extend into freshwaters. 
The popularity of Cmarleyi in the overseas market is unknown. However, interest from 
Japan to supply 800 fish per month at $US 40.00 each, has been heard of (Dave Bevan, 
Waterlife Aquariums, Port Elizabeth 1997, pers. comm.). Although no commercial 
collecting permits have been issued (Beckley 1994) in Kwa-ZululNatal and elsewhere 
along the coast, the implementation of a management plan for C marleyi is necessary to 
prevent the possibility of collectors depleting the stock to a level below which it cannot 
recover. Given the reported high value of the species it would be surprising if no one 
invested in the capture of marine aquarium species. 
During the summer months, juvenile Cmarleyi are found in rock-pools, gullies and in 
estuaries. Because these environments are easily accessible, hobbyist collectors target 
juveniles due to their availability. Their availability combined with sharper colouration 
and the larger, more striking eyespot of juveniles makes them more popular than adults. 
The fast growth rate of the species and early age-at-maturity must be taken into account 
when setting up a management strategy as the C marleyi stock would be able to recover 
far quicker than a slow growing, late maturing species such as many of the South African 
sparids. This biological aspect allows for a more flexible management plan. 
If the breeding stock is possibly restricted to KwaZulufNatal, restrictions on collecting 
C marleyi must be imposed so as to protect the parent stock. This could include closed 
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areas in the province and maximum size limits (> 1 05 mm TL) to protect the spawner 
biomass. However if the fish do breed all along the coast, restrictions can be controlled 
and regulated by issuing collection permits to hobbyists and commercial collectors. 
Other possible management strategies include -
• Closed areas. Marine reserves and sanctuaries are simple ways of restricting the 
removal of animals from the sea. If the southern most limit where C marleyi breeds is 
determined, areas above this could be set aside as sanctuaries for the species. 
• Closed seasons. Closed seasons are usually implemented to coincide with the 
breeding period of a particular species. In Cmarleyi this would probably prove futile 
as collection from the reefs is difficult during winter-spring due to the weather and 
associated sea conditions. A closed season around the time of juvenile settlement 
(December/January) would probably make more sense and allow for more juveniles 
to survive. 
• Size limits. Juvenile Cmarleyi recruit onto the reefs at a size <30mm TL. Although 
the juveniles are more popular amongst aquarists than adults, they do not do as well in 
the aquarium (Belcher 1990). This suggests that small juvenile Cmarleyi should 
probably be left alone until they reach about 60mm TL and at which size they would 
be better suitable for a tank environment. Should the breeding stock only be present in 
KwaZululNatal, collection of adults should be limited. This suggests the 
implementation of a slot limit whereby fish >50mm TL and <105mm TL can be 
collected. The use of chemicals (including anaesthetics) or explosives should not be 
permitted during collection. 
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e Bag limits. Unfortunately there are no records with regards to Cmarleyi abundance 
and therefore a mathematically derived bag limit could not be obtained. However, by 
allowing aquarists only two Cmarleyi per tank is probably a realistic limit. 
e Commercial collections. Many tropical fish (and Cmarleyi) collected during the 
summer are sold in pet shops (pers. obs.). According to the draft Marine Living 
Resources Bill of South Africa, as introduced by the Minister (Anonymous 1998) this 
is an illegal activity and pet shop owners should be made aware of this. By limiting 
the collection of Cmarleyi to hobbyists under the condition that there is no 
commercial gain, the sale of wild caught C marleyi would be curtailed. 
Implications for aquaculture 
Due to their close associations with coral reefs chaetodontids are often used as indicators 
of coral reef health. This close alliance is predominantly due to the coral-prey on which 
many chaetodontids such as C trifasciatus feed on exclusively (Motta 1988). Although 
many of these fish make beautiful aquarium inhabitants, their strong association with 
corals suggests that unless fish are provided with a constant source of their preferred 
prey, something not realistically possible for most hobbyists, the fish will eventually die 
of starvation (Wood 1992). Pet shops often stock such fish that have been caught 
recently and therefore still appear healthy. The price of these fish can be in excess of 
R200 (Dave Bevan, Waterlife Aquariums, Port Elizabeth 1997, pers. comm.) with many 
fish dying days later in the aquarists tank. 
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The diet of C marleyi suggests that it targets terebellid polychaetes but also feeds 
opportunistically on other invertebrates. Fortunately for aquarists, Cmarleyi is not 
reliant on live coral polyps as a food source and readily accepts most foods (Belcher 
1990), and with coaxing, many chaetodontids have been weaned onto flakes (Emmens 
1985) making them very easy to maintain. If C marleyi can be weaned off live foods, the 
high protein and energy requirement of the fish can be satisfied through the development 
of an artificial diet which would reduce costs and effort under culture conditions. 
A common pest in many marine aquaria is the hydroid Aiptasia sp. This cnidarian grows 
rapidly, feeding on fish food and if large enough, small fish. Unfortunately if an 
infestation occurs the only way to rid the tanks of this anemone is to completely 
dismantle and clean the aquarium or to use chemicals. Dismantling the aquarium is 
undesirable as marine aquaria tend to be high volume systems. The use of chemicals is 
also not desirable as these methods are broad-spectrum agents, indiscriminately killing 
invertebrates and fish. 
The copper-band butterflyfish, Chelmon rostratus, is often introduced into aquaria 
infested with Aiptasia, on which it actively feeds, thereby bringing the problem under 
control. The price of Crostratus is around R150 (Dave Bevan, Waterlife Aquariums, 
Port Elizabeth 1997, pers. comm.) and is therefore a luxury to most aquarists. C marleyi 
has been successfully used in the Rhodes University Marine Hatchery to control Aiptasia 
(pers.obs.). 
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Suzuki et al. (1980) provide the only scientifically documented case of rearing 
chaetodontid larvae, that of Chaetodon nippon. The fertilised eggs were buoyant and 
hatched after 28 hours. Newly hatched larvae were 1.45-1.53 mm TL and had a large 
ovoid yolk. Three day old larvae were fed rotifers, oyster larvae and sea urchin larvae 
but all fish had died by day eight with no "remarkable growth in size or change in shape 
from three days after hatching". 
The average larval period of tropical chaetodontids is less than 40 days (Leis 1989). This 
study however suggests that C. marleyi has a larval period in excess of 40 days. Under 
culture conditions (e.g. higher water temperature and ample food) the length of the larval 
period may however be reduced. Larval rearing is the main stumbling block in the 
culture of most marine species, as the concentration, optimal prey size and nutritional 
requirements of the fish need to be considered although they may be difficult to 
implement (Jones & Houde 1981). However, advances in marine larval rearing are 
advancing rapidly and it is possible to transfer the technology to other species including 
chaetodontid species. 
A South African aquarist, Tony Cochlan, claims to have spawned C.marleyi in the 1970's 
(Cochlan 1977). His tank housed five fish (two males, three females), which were 70-90 
mm TL and was maintained at an average temperature of 21°C with bright lighting. Just 
before dusk he noticed two fish doing a tight "barrel dance", nose to tail which lasted for 
three minutes. Eggs were released which sank to the bottom of the tank (a similar event 
has been recorded in an aquarium with Chelmon rostratus (Thresher 1984)). Every few 
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days, a few litres oftankwater were replaced with fresh seawater, full of zooplankton and 
after two months juvenile C marleyi were noticed hiding amongst the filamentous algae 
in the tank (Tony Cochlan 1997, pers. comm.). 
Aspects of the feeding biology of Cmarleyi makes it a highly suitable candidate species 
as the preparation and feeding of cultured animals should be as minimally labour 
intensive as possible. The feeding of larvae may be problematic but it must be stated that 
this is a general problem with marine pelagic spawners and is therefore not confined to 
Cmarleyi. 
Growth of Cmarleyi is rapid, reaching 70 mm TL within the first year. Although nothing 
is known about their larval stage, settlement occurs between one and three months. 
Rapid growth is a trait highly desired by aquaculturists as grow-out time should be as 
short as possible thereby allowing for an increased production rate and subsequently 
greater profits. Fish could be sold at 50 mm TL, which is about six months old (as 
inferred from daily growth analysis). The longevity of the fish is unknown although 
specimens have been maintained in aquaria for at least four years (pers. obs.). Hobbyists 
also favour this aspect as marine fish tend to be expensive and therefore fish are expected 
to last for a few years. 
Males attain 50% sexual maturity at 105 mm TL during their second year. This is a 
desirable aquaculture trait as breeding with captive bred fish would only require a three 
year delay. Since knowledge of the fishes breeding season is available, fish could be 
85 
stimulated artificially to breed through the manipulation of photoperiod and temperature. 
Tricas & Hiramoto (1989) induced Cmulticinctus to ovulate through hormal induction. 
Fish which are bred in captivity tend to adapt better to the culture environment (Dr 
Lawrence Oellerman 1997, Research Officer, Rhodes University, pers.comm.). 
The suitability and potential benefits of the culture of C marleyi are as follows. 
• Cmarleyi is endemic to South Africa and therefore not available on the overseas 
market. 
• Adult broodstock are available along the East coast of Southern Africa. Since 
Cmarleyi form monogamous pairs that remain close together, collection of breeding 
pairs is relatively easy. 
• The feeding biology and growth of Cmarleyi make it a suitable candidate species. 
• Cmarleyi readily preys upon the hydroid Aiptasia sp., which is considered a pest to 
many aquarists. Since there is no known treatment specifically targeting the hydroid, 
fish could be introduced into these tanks which may contain other invertebrates, 
thereby reducing the use of toxins to control or kill the hydroid and possibly many of 
the other invertebrates. 
• Being one of the few temperate chaetodontids, Cmarleyi is popular amongst cool-
water marine aquarium aquarists. These aquaria usually contain endemic or cool-
water invertebrates and fish. Temperatures range from 15 to 24°C which are 
unsuitable for tropical species but comfortable for Cmarleyi. Since most temperate 
reef fish are relatively dull in colour, Cmarleyi may prove popular overseas. 
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Possible problems in the culture of the species include -
• Using general information about larval rearing Cmarleyi would not be impossible to 
breed. However, with the limited information regarding the length of the larval 
period and chaetodontid larval rearing, rearing may be problematic. 
• Very little literature is available with regards to chaetodontid larval ontogeny and 
early development. This would require a detailed examination of the early life stages 
of the species and therefore help to better understand the larval period which is 
considered to be the most difficult stage to overcome in the culture of a species. 
Investigations as to whether there is possibly one population of Cmarleyi along the 
northern South African coast, could be resolved with the use of DNA fingerprinting. 
This would require the collection of fish from areas along the entire coastline to check 
whether distinct populations exist. 
Very little is known about the larval period in chaetodontids (Leis 1989). If Cmarleyi 
can be spawned and reared in captivity, this information would be of tremendous benefit 
for the culture of other chaetodontid species. 
In conclusion, Cmarleyi is possibly one of the prettiest endemic fish along the entire 
eastern coastline of South Africa. Although the status of the stock is unknown and given 
the popularity of marine fish keeping in South Africa and elsewhere, the protection of the 
species from over exploitation by the aquarium trade may be necessary. Possibilities for 
management exist, including closed seasons, closed areas, slot limit and bag limit. 
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The suitability of C.marleyi for aquaculture is two-sided, as aspects of the fishes feeding 
and growth are suitable while the reproductive biology of the species may prove too 
difficult. Although the fish could most probably be spawned, rearing the larvae would be 
difficult although not impossible. 
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